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1. INTRODUCTION 
1.1 SUMMARY OF WORK 
Bi the decade or so around 1930 there were carried 
out i n Germany a nmber^ of experiments on the influence 
of p l a s t i c flow on the e l e c t r i c a l conductivity of ion i c 
c r y s t a l s . This work,, which centered i n part aro^lnd a 
controvers^r between Smekal (1929) and Joffie'(1930) on 
the importance af imperfections i n determining the 
propertiesr of i o n i c c r y s t a l s , provides a close l i n k be-
tween the properties of dislocations, positive and nega-
t i v e ion vacancies and colour centres. I t has been 
suggested by various investigators i n recent years 
( C o t t r e l l ; Eayne& & Shockley 1948) that the behaviour 
of atomicf or ionic- imperfections i n s o l i d s should be 
affected by the presence of dislocations. ffeitz (1950) 
has suggested that the a l k a l i halides o f f e r a good 
example of t h i s e f f e c t . The b a s i c experimental f a c t s 
and related interpretations seem to be as given i n the 
following sections. 
1.2 THE EXPERIMENTS OF GYULAI AND HARTLY (1928) 
These workers compressed single c r y s t a l s of rock-
s a l t * Iw a l e v e r press with the lever arm. loaded with 
weights. The c r y s t a l s were placed between measuring 
p l a t e s which served as electrodes and these were insu-
* Ro)Cksalt w i l l be used throughout- to mean natural 2 8 JAM 1956 
, sodium chloride. X^ ^^ ^^  
2. 
l a t e d from the base plate and tlie pressure rod by 
amber blocks. Tim conduction current was measured 
bijp tlie rate ot charge of a s t r i n g electrometer with 
a p o t m t i a l of 100 - 300 V from a battery applied 
a c r o s s the^ c r y s t a l and electrometer connected i n s e r i e s . 
Ihe c r y s t a l was contained i n an e l e c t r i c a l l y heated, 
t h i c k walled,^ iron box which was heavily insulted by 
asbestos and measurem^ts were taken a t a temperature 
of 58°C The box was normally heated to a temperature 
of 60 - 70°er to remove any water before being allowed 
to cool to the measuring temperature. The specimens 
were cleaved from large single c r y s t a l blocks of rock-
s a l t from Wielicka and the electrode faces were dulled 
with emery paper and coated with graphite. Prof. Pohl 
and Dr. Pick (See Seitz 1950) have stated that the speci-
meats of rocksalt may have been very pure, containing 
only o f the order of one part" i n ten m i l l i o n of divalrait 
impurity. 
I t was fiDund on loading that the c r y s t a l showed an 
increased conductivity which decayed with, time . Obser-
vations were made over various time i n t e r v a l s \ m t l l the 
conduction current had reached a steady value and the 
magnitude, of the conductivity increase was found to be 
n e g l i g i b l e a f t e r about twenty minutes. The c r y s t a l was 
3. 
then f u r t h e r loaded and the ^ c r e a s e o£ conductivity 
wa® found on tlie application of s t r e s s incremoits, 
the t o t a l stress- on the c r y s t a l being increased Xsy 
each increment applied. Three value a of s t r e s s i n -
crement were; Used whem applying s t r e s s to the c r y s t a l , 
20, 100 and 200 Kg/cm , and the t o t a l s t r e s s applied 
was as high a s 700 Kg/<aa where: the compressive s t r a i n 
i n the ro c k s a l t was about 30^. I t was found that the 
TPalue of the increased conductivity immediately a f t e r 
the application of the load was about 100 times the 
"value of the permanent coniiiietivity f o r a st r e s s i n c r e -
m:CTit of 100 Kg/cm , the conductivity r i s i n g from about 
10~'^^ to about lO""^^ ohm"'"'"cm~''". I f the c r y s t a l was 
loaded to a determined l i m i t and then the s t r e s s removed 
i t was found that the conductivity jump could not be ob-
served on the reappl'ication of s t r e s s xantil the previous 
l i m i t of s t r e s s had "be&a. reached,, although a very much 
reduced conductivity increase took place at stresses 
Just below the l i m i t of s t r e s s previously applied. Many 
of tlie conductivity increases were observed to be propor-
t i o n a l to the? increments of s t r e s s applied. 
The experiments of Gyulai and Hartly were confirmed 
by Stepanow (1933) who observed the e f f e c t i n the tern-
perature range from 30 - 170°C using a similar^ method. 
1.3 OTHEE WORK 
Qaittner (1931) c a r r i e d out some experiments on the 
compression of single c r y s t a l s of roc k s a l t . His experi-
ments were perf crmed at a temperature of 200°C and only 
ffloall s t r e s s e s were applied' (1.5 - 3.0 Kg/cm ) . A con-
d u c t i v i t y Increase was found on loading the; c r y s t a l but 
the increase vanished on the removal of s t r e s s . I t was 
pointed out,, however, that uneveness of the c r y s t a l surface 
could have caused very considerable l o c a l s t r e s s concen-
t r a t i o n s . 
Gyulai has observedL very large e f f e c t s when p e l l e t s 
of sodixim chloride powder are pressed under hydrostatic 
load. Such p e l l e t s show a conductivity a s high as 7.4 x 
lo"'' ohm'^ cm"''" a t l l l ^ C a f t e r pressings. Seitz (1950) 
has suggested that I t i s l i k e l y that a large portion of 
t h i s increase i n conductivity must, be attributed to migra-
t i o n on surfaces or along grain boundaries. The conduc-
t i v i t y dropped with time and a f t e r a period of seventeen 
hours had reached a value of 1,6 x 10"ohm""^cm""'". The 
normal value of the conductivity of single ciy.stals at 
t h i s temperature i s about 10*"^ '^  ohm""^ om"'''. The phenom-
enon of r e c r y s t a l l i s a t i o n i s also important, since when a 
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^ c r y s t a l i s i n a s t r a i n hardened condition (which does 
not represent a stable state of equilibrium) i t can 
return to the stable state by t h i s process. New un-
haifdened c r y s t a l n u c l e i develop i n d i v i d u a l l y , and, by 
absorbing the hardened c r y s t a l mass, produce an e n t i r e l y 
new grain texture, Gyulai used very high s t r e s s e s i n 
pressing the powdered sodium chloride and intensive re-
o r y s t a l l i s a t i o n took place since translucent p e l l e t s 
were produced showing no outward evidence of t h e i r pow-
der o r i g i n . I t i s possible that t h i s intensive process 
of r e c r y s t a l l i s a t i o n has the effect of increasing the 
conductivity by a l a r g e f a c t o r . 
Gyulai and Boros (1940) have also observed a con-
d u c t i v i t y increase upon deformation at a temperature of 
4.0°C i n synthetic potassium chloride and bromide crys-
t a l s both pure, a d d i t i v e l y coloured and Z-ray coloured. 
The t o t a l load applied to the c r y s t a l was only 45 Kg and 
hence the experiments were ca r r i e d out at stresses much 
nearer to the threshold of p l a s t i c flow than the exper-
iments of Gyulai and Hartly. The l e v e r press was used 
as i n t h i s e a r l i e r work but I n place of the s t r i n g 
electrometer they used a tube electrometer and a Bay 
oscillograph. This gave increased s e n s i t i v i t y to the 
measuremoit of conductivity and permitted closer obser-
vation of the time v a r i a t i o n of the current jiunps. 
Regular current jumps were not found i n experiments on 
any one c r y s t a l and t e s t s with different samples showed 
much s c a t t e r . The magnitude of the curroat ^umps was 
also found not to be proportional to the load. To 
f a c i l i t a t e comparison between various samples the current 
jumps were expressed a s increases i n the s p e c i f i c con-
2 
ductance of the c r y s t a l f o r an applied s t r e s s of 1 Kg/cm . 
Thie conductivity increases were; found to be about twice as 
l a r g e f o r the coloured a s f o r the uncoloured c r y s t a l s . 
Also the effieat appeared to be s l i g h t l y l a r g e r f o r 
potassium chloride c r y s t a l s than f o r potassium bromide 
c a ^ s t a l s . Bae increased conduction current was found to 
decay much more rapidly than those observed by Gyulai and 
Hartly. Tlie conduction currents reached t h e i r maxima i n 
about 0.1 sec a f t e r the application o f s t r e s s and a f t e r 
the elapse of 0.2 or 0.3 see had already dropped to h a l f 
t h e i r peak values. 
1,4 oaiEORIES OF THE CONDUCTIVITY INCREASE 
Most of the speciments of sodium chloride employed i n 
the experiments described above probably had of the order 
7. 
of one part per m i l l i o n of divalent impurity atoms 
which have po s i t i v e ion vacancies associated wl-Ui them. 
These vacancies a^e s u f f i c i e n t l y mcbile a t the temper^ 
a t u r e s employed ( B t z e l and Maurer 1950) to be able to 
spend an appreciable f r a c t i o n of t h e i r time free and 
thus contribute to the conductivity. Seitz (1950) has 
interpreted the increase i n conductivity i n terms of an 
e l e c t r o l y t i c current associated with the generation of 
p o s i t i v e and negative ion vacancies during p l a s t i c flow,, 
presumably as a r e s u l t of the motion of the dislocations 
i n the c r y s t a l . The positive ton vacancies should be 
able to migrate to the negative ion vacancies and pro-
duce uncharged p a i r s i n the course of minutes, thereby 
removing the source of the extra c a r r i e r s . The inves-
t i g a t o r s do not quote the i n i t i a l value of the e l e c t r i c a l 
conductivity of t h e i r specimens,; so i t i s only possible 
to i n f e r that about 10 p a i r s of vacancies per cm^  are 
produced by a s t r a i n of the order of 10^. 
S e i t z (1950) has considered an edge-type dislocation 
which jogs from one s l i p plane to another. The l a s t 
Ion i n the extra row on the extra plane introduced by 
the d i s l o c a t i o n l i n e may be e i t h e r positive or negative 
and may be considered as an I n c i p i e n t negative Ion or 
8. 
po:sitive ion vacancy respectively, since a normal 
vacancy could lie produced by taking the appropriate 
ion from i t s normal s i t e i n tJie l a t t i c e and adding i t 
to the edge of the plane a t the jog. The extra row 
a t the edge of the extra plane w i l l now end with an ion 
of apposite sign and hence may be considered as an 
i n c i p i e n t ion vacancy of the appropriate sign. Bi 
t h i s way jogs of t h i s type represent excellent sources 
and s i n k s of p o s i t i v e and negative ion vacancies, which 
w i l l be distributed throughout the volume of the c r y s t a l , 
assuming that i t possesses the normal density and d i s t r i -
Q 2 
bution of disloc a t i o n l i n e s (about 10 lines/cm ) . An 
i n c i p i o i t vacancy present a t a jog may be evaporated i f 
the d i s l o c a t i o n i s set i n motion and i f l o c a l heating 
acgurs as the r e s u l t of d i s s i p a t i o n of energy by the 
d i s l o c a t i o n . The e n e r ^ expended during p l a s t i c flow 
may be expected to appear as l o c a l heating on the s l i p 
planes and should be able to evaporate vacancies from 
jogs of t h i s type. I t i s also possible that vacancies 
are generated i n large numbers as the r e s u l t of c o l l i e -
ions o f d i s l o c a t i o n s . 
The vacancies produced during p l a s t i c flow w i l l 
eventually recoijibine with one another to form c l u s t e r s 
9. 
so that they w i l l become Immobile and cease contributing 
appreciably to the i o n i c conductivity, From a considera-
t i o n of the ^ump frequency of a p o s i t i v e ion vacancy, 
S e i t z (1950) considers that the recombination time appears-
to agree with the time of decay of the increased conduc-
t i o n current found by Gyulai and Hartly. Various coagu-
l a t i o n groupings are possible, but I t may be expected 
that t h e smaller groups w i l l act ae intermediate stages 
i n the formation of large groups of vacancies. 
T y l e r (1952) has c a l l e d attention to the work of 
Gyulai and Boros (1940) and has suggested that the 
conductivity Incnease may be due, at l e a s t i n part, to 
the freeing of electrons by the motion of dislocations. 
Since f r e e electrons are presumed to have a higher mo-
b i l i t y than p o s i t i v e ion vacancies, under these circum-
^ a n c e s , fewer w i l l be needed to provide the observed 
enheoicement of conductivity. The longer decay times 
of the conduction current observed by Gyulai and Hartly 
may be associated with a continued l i b e r a t i o n of elec-
trons during a p l a s t i c flow process which continues f o r 
some time a f t e r loading:, rather than the diffusion of 
vacancies to c l u s t e r s or boundaries, ( ^ l a i and Hartly 
(1928) did i n f a c t point out that work hardening and 
dimensional change induced i n a specimen subsequent to 
i:o. 
a s t r e s s increase, continued f o r a time comparable to 
the decay time of the increased conductivity produced. 
I t i s reasonable to expect the duration of flow to be 
much shorter at the lower s t r e s s e s used by Gyulai and 
Boros. 
ffeitz (1954) has stated that he believes the effect 
obtained at low applied s t r e s s e s to be fundamentally 
d i f f e r e n t i n nature from that at high stresses, when the 
c r y s t a l i s deformed as much a s 10^ but gives no reasons 
f o r t h i s conclusion. 
1.5 THE PRESENT WORK 
The inrntediate aim of the present work was to repeat 
the experiments of Gyulai and Hartly and other workers on 
the increase i n conductivity of a l k a l i halides upon 
mechanical deformation. I t was planned to carry out 
the experiments using modem electronic techniques f o r 
the measurement of the small, conductivities of ionic 
c r y s t a l s and also better recording methods. I t was hoped 
too to extend the scope of the experiments i n many ways, 
by i n c r e a s i n g the range of temperature and by the use of 
synthetic c r y s t a l s of various a l k a l i halides with d i f f e r -
ing impurity contents. Apparatus was therefore designed 
capable of growing single c r y s t a l s of a l k a l i halides both 
11. 
pure and with known amounts of impurity. 
Daring the course of the work on the conductivity 
increase upon mechanical deformation a new^  phenomenon was 
discovered - the appearance of a potential between the 
electrodes of a c r y s t a l upcm; mechanical deformation -
and considerable time was then devoted to investigating 
t h i s e f f e c t . 
Single c r y s t a l s of sodium ehloirlde containing man" 
ganese were gromi and a Joint programme of experiments 
was c a r r i e d out both at iSirham and Newcastle. Conduc-
t i v i t y measurements were made on specimens from these 
c r y s t a l s i n both the annealed and quenched state. The 
general conclusions from the whole programme of experi-
ments are presented elsewhere but the r e s u l t s and d i s -
raassion of the conductivity measurements are given here. 
a 
F i g u r e 1 The growtn of s i n g l e c r y s t a l s from s o l u t i o n , 
12. 
2. IHE GaOffgH OF SUSTSIiE CHTSTALS OF THE ALKALI HAIIDES 
2.1 METHODS AVAILABIiE 
Three methodis weire available f d r the growth of 
stogie c r y s t a l s of the a l k a l i lialideff, growth from 
solution, by the Stttber (1925) process, and by the 
Kyropoulos (1926) process. (STee also Menzies and 
Skinner 1949). 
Some preliminary experiments were made to see i f 
the growth of single c r y s t a l s of sodium chloride faxjrn 
a solution i n water was practicable. The apparatus 
used i s shown i n fig;. 1. I t was f i l l e d with a 
saturated solution of sodium cdiloride and excess s a l t 
was present i n the v e s s e l A, which was heated by a 60 
TIT element under i t s f l a t base. The waim saturated l i -
qpiid rose. I t s temperature being maintained by the 
heater B". On entering the v e r t i c a l g l a s e tube C, i t 
cooled and i n so doing deposited i t s excess s a l t on a 
seed c r y s t a l present at t h i s point. The cool l i q u i d 
f e l l into the v e s s e l A where i t was reheated and took 
up f r e s h s a l t , thus continuing the cycle. 
The apparatus was run f o r periods of a week at a 
time and i t was found possible to grow c r y s t a l s up to 
a s i z e of 3 mm cubes. Unfortunately i t was not 
possible to obtain c r y s t a l s of good quality, the major-
I t y being ••]ioppers''> I n wliich tke centres of: the faces 
were indented i n a step-wise manner. fte method was 
therefbre abandoned since i t was too slow and produced 
c r y s t a l s of poor size and quality. 
I t was decided to grow c r y s t a l s from the melt, and 
the choice l a y betweai the zyropoulos process, i n which 
the c r y s t a l i s drawn from the melt,, and the Stdber pro-
cess, m t h i s l a t t e r method, heating; and cooling are 
applied to the material i n such a way that isothermal 
planes move up through the material, which i s at r e s t . 
The position of the isothermal corresponding to the tem-
perature of Bolidication determines at any time the l o -
cation of the s o l i d - l i q u i d boundary. C r y s t a l l i s a t i o n 
begins when t h i s isothermal surface reaches the lowest 
point of the v e s s e l and then proceeds upwards through 
the melt. 
Di the Kyropoulos process a container holding the 
melt of th© required material i s maintained at a tem-
perature some tens of degrees above the melting point. 
A seed c r y s t a l of the same material i s allowed to dip 
into the melt. Th±B seed i s cooled by some means and 
c r y s t a l l i s a t i o n of the melt tends to take place on the 
seed following the same crystallographio orientation as 
the seed i t s e l f . The seed i s then raised gradually. 
14. 
keeping; i t at a l l times touching the melt, and a single 
c r y s t a l can be drawn out from the melt. 
r t was decided to t r y the KyropoTilos process since 
a l k a l i h a lides had been extensively grown by t h i s method 
i n the past. I t had the f e c i a l advantage that, 
since it;, wae desired to grow c a ^ s t a l s of various a l k a l i 
h alides, with t h i s process one could ohseirve the growth, 
so that f o r a new substance one would quickly find the 
correct conditions f o r growth. 
A description follows of the d e t a i l s of the appara-
t u s that was constructed. Since no seed c r y s t a l s were 
av a i l a b l e i n the f i r s t place they were grown by the 
o r i g i n a l Kyropoulos method. Once seed, c r y s t a l s had 
been obtained by t h i s method they were used to grow a l l 
fu r t h e r c r y s t a l s , using, the modification of the Kyropoul-
os technique devised by Korth (1935). Crystals, both 
pure and with added impurities, were grown from "Analar* 
sodium chloride. The description i s given for t h i s 
p a r t i c u l a r substance, but the method i s quite general and 
the apparatus could be r e a d i l y adapted f o r the growth of 
single c r y s t a l s of other a l k a l i halides. 
2.2 THE FUHNACBg (See Walden 1939) 
15. 
(Dhe fumaoe cores were made^  of "Thermal Alumina" 
and were c y l i n d r i c a l i n shape,, 5 i n . i n t e r n a l diameter by 
12 i n . long. Cores of f i r e c l a y were also t r i e d but 
proved to be rather unsatisfactory owing to the corro-
sive e f f e c t of sodium chloride vapour, whi6h penetrated 
through the material and destroyed the heater windings. 
!Ehe cores were wound with 60 f t . of 20 
"Tacrom" (nickel-chromium a l l o y ) wire. The windings 
were spaced so as to be s l i g h t l y c l o s e r together near 
•aae ends a£ the core, ©lis helpted to give a u n i -
form teiiQ)erature within the^ core, and although f u l l 
ccBQ)^sation was not achieved, the r e s u l t i n g temperature 
gradient was s i a l l enou^ to give s a t i s f a c t C r y c r y s t a l 
growth. The ends of the winding were secured i n the 
following way»- A short length (4 f t , ) of resistance 
wire was wrapped round the end of the furnace core i n a 
single loop. The two loose ends and the end of the 
furnace winding i t s e l f were then twisted into a t r i p l e 
s t z ^ d which was used a s the lead-out from the fumace, 
(See Walden 1939). Thiff construction parovided a firm 
anchoring point f o r the fumace winding at each end and, 
since the leads were now of t r i p l e thickness,^ they were 
prevented from being; r a i s e d to red heat when the fumace 
•i 
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was i n operation. 
The fumace core was then soaked i n water and the 
windings were plastered with a paste made by mixing C60 
alumina cementiwith water. The cement was dried by 
leaving the core overnight with a low ©irrent (1 A) 
passing through the winding. The cement was; then 
f i r e d a t high temperature, t h i s being accomplished by 
a 2'4 h rum of iaie con^leted fumace at a temperature 
of approximately 800°C. 
The constj^uctlon of the completed fuznace i s shown 
i n f i g . 2. I t foimed a cube with s i d e s approx. 12 i n . 
long. The top and bottom were made of ••Sindanyo* 
asbestos compound f^eet of i i n . thickness. OircTilar 
holes were cut i n the centres and were rebated to i i n . to 
take the ends of the furnace cores. The sides of the 
fuiHaces were made of 3/16 i n . asbestos millboard and 
were bolted into the ends of the bottom sindanyo sheet, 
and also bolted to four sindanyo comer blocks at t h e i r 
upper ends. The space betwe^ the core and walls was 
f i l l e d with Hewall.'s i n s u l a t i o n powder (a form of dia-
tomaceous eart h ) . This very l i g h t earth required some 
tame f o r i n s e r t i o n as i t se t t l e d considerably on shaking 
the fumace. When f i i i r the top sheet was inserted 
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and was secured to the bottom ^ e e t . by four ^ i n , 
steeL rods ruming v e r t i c a l l y about; 1^ - i n , from the 
comers of the furnace. 
The l ^ d s from, the fumace were brought out 
through two emalL holes i n one of the si d e s . I t 
was found that; the asbestos s i d e s tended to buckle and 
crack i n the course of time, especi a l l y at these holes, 
eaid i t was l a t e r found necessary to use 3/16 i n , 
sindanyo ^ e e t s instead. 
Covers of i i n . aindanyo sheet were used to close 
the upper end of the fumace. The lower end was 
closed by c i r c u l a r firebricker, 4f i n , diameter and 
I f i n . t h i c k . These bri&ks were constructed from 
Morgan P l a s t i c Mouldable. T h i s material was obtained 
i n c l a y - l i k e form and could be e a s i l y moulded when cold, 
r t required drying above 100*^C to remove the water 
content and t h a i f i r i n g at red heat to consolidate 
the material. 
« \ 
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2.3 THE G00LEH3 
The two - ^ e s of coaler used are shown i n f i g , 3. 
The r e c r y s t a l l i s e d alumina cooler used i n i t i a l l y i s 
shown i n ( a ) . I t consisted of an alumina tube 12 
i n , l o n ^ and; 5 mm i n t e r n a l diameter with a w a l l thick-
n e s s of 1^ mm, and was rounded o f f a t one end. I t 
was mounted i n a brass block by means of a grub screw 
and a narrow br a s s tube ran down i t £ntemally to 
within i I n . of the rounded end. A i r could be blown 
down the ce n t r a l brass tube from a compressor, thus 
coaling the rounded t i p and escaping to the atmosphere 
v i a the outer annular erpace:. 
The brass block was connected by copper s t r i p s to 
a s t e e l rod of f I n . diameter, having a f i n . B.ff.P. 
thread cut over 3 I n . of I t s upper end. A heavy 
b r a s s knurled nut ran on t h i s thjread and could be used 
to adjust the height of the cooler during the growing 
process. The whole assembly was moiinted on a ^  I n . 
s t e e l rod by two clamps Mid could be set at a conven-
i e n t h e l ^ t at the s t a r t o f the growing process. 
Although the copper and brass parts of the cooling, 
u n i t proved OTitlsfactory, I t was found, that a l l the 
mild s t e e l sections corroded badly under the action 
F i g u r e 4 - The platinum r e s i s t a n c e thermometer. 
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of the s a l t vapour and they were l a t e r replaced by 
sections i n s t a i n l e s s s t e e l . 
The second ©aoling^ head i s shown i n f i g . 3 ( » . 
rt consisted of a n i c k e l tube (bore 8.5 mm and wall 
thicikness 0.5 mm) and a n i c k e l head which was brazed 
to thlff tube. The head had a c y l i n d r i c a l hole of 
diameter; |- i n . at i t s lower end and four n i c k e l grub 
screws mounted a t 90° to each other, EK) that a seed 
c r y s t a l of^ rectangular dimensions could be firmly held 
in' i t . This u n i t f i t t e d into a brass block similar 
to that f o r the f i r s t u n i t and was brazed into the 
block. An inner brass tube was used as before but 
this: time water cooling was emglojei, A s t a i n l e s s 
s t e e l cooDler was o r i g i n a l l y b u i l t , but i t was found 
to corrode i n the furnace,, and was replaced by the 
n i c k e l one described. 
2.4 THE TEMPBHATUBE COHIROLIiER 
A platinum resistance thermometer was used to 
control the temperatute of the "growing" fumace. 
I t i s ^ shown i n f i g . 4. A piece of sindanyo sheet 
was turned down to a diameter^ of 4.5 nun and a thread 
5/1000 I n . deep and 120 tums/ih. was cut over a 
AS 
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length of about 5 cm. This was wound with 0.005 cm 
diameter platinum wire to give a resistance j u s t over 
100 ohms. The wire was then covered with a thin layer 
of a paste of alumina cement made by f i r s t sieving C60 
alumina cement to a s i z e of 60ji and then mixing with 
water. The cement was dried at 100*^C i n an oven 
and then f i r e d at red heat i n a fumace. The whole 
assembly was contained i n a r e c r y s t a l l i s e d alumina tube 
i d e n t i c a l to that used f o r the a i r cooler. The leads 
were brought out by a twin bore tub of alumina of oval 
section which f i t t e d i n s i d e the outer alumina sheath. 
The thermometer was suspended v e r t i c a l l y inside the 
furnace so as to l i e about f i n . from the fumace wall, 
with the element roughly mid-way down the core of the 
fumace. 
The temperature c o n t r o l l e r (See Yates L946) i s shown 
i n f i g . 5. I t consisted e s s e n t i a l l y of an a.e. bridge, 
two aims o f which were formed by two windings of a 
transformer, and the- others by a platinum resistance 
thermometer and a variable r e s i s t o r , and a fixed r e s i s -
tor. Three sets of tappings of the transformer pro-
vided three s e n s i t i v i t y ranges. The out-of-balance 
sig n a l was amplified by a high gain pentode using a 
fflnall amount of negative feedback. The signal was 
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then l i m i t e d by the double diode to a maximum of 
approx. 1,8 7; thus when the bridge was not near 
balance no damage occurred to the output valve or 
the thermal rela y . The signal was applied to the 
control g r i d of an output pentode. A signal was fed 
to the s c r e a i grid of t h i s valve from a 50 T winding 
on the bridge transfbrmer. The output c i r c u i t of 
the: p^tode consisted of a 2.7t l output transformer 
across the primary of which was connected a condenser 
of 0.25/il' capacitance. This condenser, together with 
the primary of the transformer, formed a resonant c i r ^ 
c u l t of low Q but with a resonant frequency close to 
50c/'s. The secondary of the transformer was connected 
to the hot-wire section of a Sunvlc thermal relay. The 
a.c. po t e n t i a l on the screen g r i d was pre-set so that, 
when the control grid input was zero, the current through 
the relay was the triggering current (approx. 17 mA). 
Bi t h i s way a small 50 e/s potential applied to the con-
t r o l grid- of the pentode e i t h e r increased or decreased 
the a.c. anode current, according to the phase of the 
applied p o t e n t i a l . These changes were transferred to 
the secondary c i r c u i t of the transformer and made o r 
broke the relay contacts. I t was of course, necessary 
to obtain during the i n i t i a l t e s t i n g , the correct phase 
F i g u r e 6 - The c o n t r o l c i r c u i t , 
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r e l a t i o n s h i p between the output of the bridge and the 
a u x i l i a r y phasing 50 c/s potential. The power supplies 
were, conventional and do not require further comment. 
The current handling capacity of the theimal relay 
was r a t h e r too small (7 A) to control, the furnace current 
directly,, and so the thermal relay was used to control 
an a u x i l i a r y Post O f f i c e type relay with contacts s u i t -
able f o r itiflTHwg and breaking s l i g h t l y l a r g e r currents. 
I t was found that some "'chattering* of the thermal relay 
tended to occair when the bridge was on the balance point. 
A 2/iW condenser connected across the relay contacts 
hielped to redace the amount of t h i s chatter passed to 
the P.O. type relay. 
The control c i r c u i t i s shown i n f i g . 6, Two 10 ohm 
rheostats with a maximum current capacity of 8.5 A were 
used i n s e r i e s with the furnace and the 250 V a.c. supply. 
One couldL be shorted out by the P.O. relay, and the other 
was pre-set so that the furnace temperature rose to j u s t 
above the required operating temperature when the f i r s t 
rheostat was shorted out. When both rheostats were i n 
c i r c u i t ttie temperature dropped to below the operating 
point. 
The^ c o n t r o l l e r proved to be very r e l i a b l e i n prac-
t i c e and maintained the temperature to within 3°c about 
F i g u r e 7 - The c r y s t a l growing \mit, 
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any operatlnig point when on the lowest sensitivity-
range. This proved tO' be quite acceptable f o r the 
growth of single c r y s t a l s , 
2.5 SEKERAL ABBAWGEMENT 
Pig.7 i s a photograph showing the general arrange-
ment of the c r y s t a l growing; luait. ISro furnaces were 
mounted on a i i n . sindanyo sheet supported by "Dexion" 
(aluminium a l l o y ) framework (27 x 15 x: 33 i n . - the 
l a t t e r measurement being the height). The framework 
extended over one fumace (the growing, furnace) and 
car r i e d the cooling mechanism. I t also supported a 
galvanometer lamp, operating off the 12 T a.c. supply, 
and t h i s served to illuminate the i n t e r i o r of the fur-
nace so that the growing process could be e a s i l y observed, 
The second furnace was used to anneal c r y s t a l s and was 
maintained at approx. 600°C" by a fix e d 10 ohm r e s i s t o r 
i n s e r i e s with the fumace and mains supply. 
The three controlling riieostats were mounted ver-
t i c a l l y at one side of the lowerhalf of the framework. 
The temperature c o n t r o l l e r was also mounted i n the lower 
h a l f of the framework so that the whole c r y s t a l growing 
u n i t was compact and readlzly portable. 
Re c r y s t a l l i s e d aliuoina beakers were o r i g i n a l l y used 
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to hold the sodiumi ciiloridte melt, since i t was known 
that alumina was r e s i s t a n t to the corrosive e f f e c t s of 
s a l t vapour. I t was found however that these beakers 
had numerous t i n y a i r holes i n t h e i r w a l l s as a r e s u l t 
of the process of manufacture. These spherical c e l l s 
f i l l e d with the melt and, i f the wall was cooled, acted 
as centres from which cracks radiated to the surroun-
ding part of the w a l l . Alumina beakers were expensive 
and were i n no way superior to glazed porcelain beakers 
of 400 ml capacity which were subsequently used. 
2.6 TECHNICT OF GEOWTH 
A beaker was f i l l e d with analar sodium, chloride and 
was placed i n the cold furnace. The fumace was 
brought up to a temperature about 50^0" above the mel-
t i n g point. Th^ e alumina cooler was used and was 
lowered u n t i l i t touched the surface of the melt. The 
a i r compressor was swithced on and c r y s t a l deposition 
commenced on tbe t i p of the cooler. The c r y s t a l 
growth was quite random,, as shown i n f i g . 8, and i n 
general^ since there was no seeding, a mass.of d i f f e r -
ently orientated c r y s t a l s was formed. I f the cooler 
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was now r a i s e d u n t i l only the lowest point of the crys-
tal, mstss was I n contact with the melt,, there was a high 
probability that only a single c r y s t a l was i n contact 
with the melt, and on further r a i s i n g the cooler the single 
c r y s t a l which continued to grow at the s o l i d / l i q u i d i n t e r -
face was withdrawn. AB- the c r y s t a l increased i n size 
i t was necessary to lower the temperature; of. the fumace. 
aSiere: was a l i m i t to the s i z e of c r y s t a l which could 
be grown by a given fumace and cooling system. A 
point was reached when the rate a t which, heat was being 
conducted away from the top of the c r y s t a l could not be 
made to exceed the rate at which heat was being supplied 
to i t by the fumace, unle s s the melt temperature was 
allowed to f a l l too near to the freezing point. When 
t h i s happened spontaneous c r y s t a l l i s a t i o n took place and 
the resulting; growth wa» n e i t h e r controllable nor did i t 
produce a s i n ^ e c r y s t a l . 
I t was possible to produce single c r y s t a l s of sodium 
chloride of hemispherical shape with a radius up to about 
1.5 cm. These ©rystals were cleaved and used as seed 
c r y s t a l s f b r the growth of further single c r y s t a l s . 
Sodium chloride c r y s t a l s could now be grown using 
the water- cooler. A single c i ^ s t a l was cut into a 
section approx. 2,0 x: 0.7 x 0.7 cm and was gripped i n 
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the n i c k e l chuck,, the grub screws being tightened, 
taking care not to crack the c r y s t a l . With the 
melt temperature some 50°0 abov e the melting point 
the seed was dipped into the melt, the rate of flow 
of the cooling water being adjusted so that the water 
j u s t reached b o i l i n g point within the cooler. Under 
tbese conditions the c r y s t a l was "melted back", and 
t h i s was allowed to continue u n t i l i t was judged that 
a f r e ^ c r y s t a l surface had beai exposed to the m.elt. 
When t h i s point was reached the rate of flow of the 
cooling water was increased, taking care to run i t at 
such a rate that the temperature of the outer surface 
of the cooler was above the dew point of the atmosphere 
i n order to avoid condensation of water which was l i a b l e 
to run down the surface of the cooler. The furnace 
temperature was also gradually reduced and the cooler 
r a i s e d a s growth took place. 
rt was foimdi tbat c r y s t a l s some 4 cm i n height by 
3 taa diameter could be grown with l i f t i n g rates of the 
order of 1 cm per hour. As the o r y s t a l grew, the 
l e v e l of the melt surface f e l l , and thus I n the l a t t e r 
stages of the growing process i t was not necessary to 
r a i s e the cooler as much as at the beginning of the 
growth. 
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I f the temperature of the furnace was not sym-
me t r i c a l about the v e r t i c a l a x i s , then the growing 
c r y s t a l tended to g3?ow more rapidly on the side facing 
the coolest part of the fumace. This caused uneven 
growth and reduced the ultimate size of c r y s t a l which was 
obtained. Some trouble occurred i n t h i s respect and 
i t was noticed t h a t the f i r e b r i c k s forming the floo'r 
of the fumace were not concentric with the core, thus 
causing a greater coo)ling draught up one side. 
C r y s t a l s were grown containing various impurities, 
namely lead, cadmiunE, copper and manganese. I j i the 
ease of the f i r s t three, the appropriate chloride was 
mixed with sodium chloride i n the cold. The mixture 
was then brought up to the melting point of sodiu^i 
chloride i n the fumace as usual. With manganese i t 
vreis found that maitganous chloride decomposed on heating 
before the sodium chloride melted and i t was necessary 
to drop the required amount of cold powdered manganous 
chloride into the sodium chloride melt. Even so,, 
some decomposition occurred and black manganese diox-
ide was formed. 
When a c r y s t a l had been grown to the required s i z e 
the cooler was raised and l i f t e d out of the fumace. 
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!Ehe grub screws on thechuck were loosened and 
the c r y s t a l was transferred by means of tongs to 
the second fumace. The? operation m s performed 
f a i r l y rapidly to p r e v ^ t cooling and consequent 
cracking of the c r y s t a l . The second fumace had 
been switched on some time previously and was main-
tained at about 600°a. 
C r y s t a l s were usually cooled down to room 
temperature overnight. Tbe top of the annealing 
fumace was covered over completely, and the fumace 
was switched o f f and allowed to> cool down on i t s own. 
This u s u a l l y took about 12 h, and t h i s rate of cool-
in g was s a t i s f a c t o r y i n that i t did not introduce 
appreciable s t r a i n s into the c r y s t a l s . 
2.7 CLEA¥AGE OF CHTSTAIS 
m order to prepare specimens f o r conductivity 
measurements and also f o r use as seed c r y s t a l s i t was 
necessary to cut the single c r y s t a l s into sections 
with plane faces. This was most conveniently done 
by cleaving the c r y s t a l s using an ordinary wood c h i s e l 
and a wooden mallet. With some practice i t was 
p o s s i b l e to s p l i t the c r y s t a l s cleanly along the (100) 
planes, provided that they had been s u f f i c i e n t l y 
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annealed and cooled slowly. Por small specimens, 
(say l e s s than 1 cm square) i t was more convenient 
to; use a razor blade and the pressure of the hand to 
produce cleavage. m both methods i t was absolutely 
necessary to have the cutting tool f a i r l y accurately 
p a r a l l e l to the dleavage plane before pressure was 
used, otherwise a shattered surface with many *steps* 
( i . e . d i s c o n t i n u i t i e s i n planes of ions) was produced. 
With the razor blade method! f o r small specimens steady 
pressure could be used f o r cleavage, but when using 
c h i s e l and mallet i t was important to employ a sharp 
tapping action i f large crystaks were to be cleaved 
c l e a n l y . 
I t was found possible to polish c r y s t a l surfaces 
using a buffing wheel of cloth rotated at high speed 
and lubricated by a saturated solution of sodium chlo-
r i d e in' water. The crystal- was gripped on the bed of 
a m i l l i n g machine and the bsiffing; wheel mounted h o r i -
zomtally i n the: machine. By moving the bed of the mill, 
i n a horizontal direction i t was possible to polish 
plane c r y s t a l surfaces normal to the a x i s of rotation 
of the buffing; wheel. The method was not used ex-
t e n s i v e l y since clean f l a t surfaces wer« produced by 
cleavage. However the method would obviously be 
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valuable for polishing c r y s t a l surfaces other than the 
cleavage planes. 
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3. THE^ MEASUHBMENT 0? THE COMDUCTIVITY OF SINGLE 
CHTSTALS- OF THE ALKALI HALIDES 
3.1 INTROmCTION 
The problem was one of meaairing small currents 
since a given voltage could be applied to the c r y s t a l 
and Mh.e r e s i s t a n c e deduced by the application of Ohm's 
law. Unfortunately i t was not. possible to increase 
•Hie s e n s i t i v i t y of measurement by the application of 
very large voltages, since i t was known that the ap p l i -
cation o f p o t e n t i a l s over 300 T produces a l k a l i mietal 
dendrites within the c r y s t a l (See Joffe 1928). This 
i s due to the deposition of the metallic element from 
the halide by e l e c t r o l y s i s i n the form of l o c a l deposits. 
At these points the f i e l d i n t e n s i t y i s greater, r e s u l t i n g 
i n f u r t h e r deposition at these places, and eventually 
dendritic bridges are formed from one electrode to the 
other. These bridges^ them carry the current and there 
i s no further e l e c t r o l y s i s . 
'Sh.er phenomenon of pol a r i s a t i o n (Joffe 1928) has teen 
observed in- a l k a l i halide c r y s t a l s . I f a potential B 
i s applied to a c r y s t a l t h ^ instantaneously there 
flows a current IQ. I t i s therefore possible to define 
an i n i t i a l conductivity given by = 1^ / E . However 
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i t i s found' -that! the current decreases from the i n i t i a l 
value IQ, wi-th time,, ultimately reaching a steadyvalue I . 
I t i s now possible to defdiie a permanent conductivity 
<^ = I / E . The decrease of conductivity i s attributed 
to the b u i l d up of a p o l a r i s a t i o n potential P within 
the c r y s t a l . 
Thus = I ^ E = I / ( E - P ) . The quantity 6^ has 
als o been c a l l e d the r e a l conductivity. 
Por the measurement of the conductivity of -the a l -
k a l i h a l i d e s at diffierent temperatures i t was desirable 
to construct a v e r s a t i l e apparatus capable of measuring 
conductivity currents having a very wide range of values. 
The s p e c i f i c resistance of a t y p i c a l c r y s t a l could have 
values from 10 to 10 ohm cm over the range of temper-
ature from 0 - 4-00°C. Assuming that a potential of 100 
T was to be applied to a specimen of 1 cm cube, the 
problem was one of measuring currents over a range from 
lO""^^ - 10~^ A, and of measuring the conduction current 
over a period of time.. 
3^ .2 THE BiEBAStTREMENT OP SMALI. GURHENTS 
The basic method of measurement (Manning and B e l l . 
1940) i s to place the specimen i n the form of a plate 
or slab between two metal electrodes. One electrode. 
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?daich i s provided with a guard ring to eliminate sur-
face conduction e f f e c t s , i s connected through an 
arrangement of shunts and capacitances to earth. 
The; current through the specimen may be measured 
e i t h e r by the potential drop through a standard re-
sistance or by the time required to charge a conden-
s e r of known capacitance to a given potential. The 
poten t i a l drop can be measured by an electrometer or 
by an electrometer valve. The other electrode i s 
connected to a source of constant potential of known 
mlue, the other pole of which i s connected to earth. 
A switch i s provided I n order that the specimen may 
be discharge when desired. The c i r c u i t i s shown i n 
f i g . 9 . 
For measuring r e l a t i v e l y high currents the r e s i s -
tance method i s used. The current I produces a 
p o t Q i t i a l drop I E which i s measured by the electrometer. 
I f iaie current is^very small,: TO that a measurable 
potential drop i s not prod^ucted a c r o s s available stan-
12 
dard r e s i s t a n c e s (up to; 10 ohms), a a a a l l high 
quality condenser may be charged and the time rate a£. 
increase of t h i s p otential measured. The current i s 
then equal to C* dV/dt,. where C includes the capaci-
tance of the leads' and electrometer as well as that 
to 
, . 1 1 
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of the condenser i t s e l f . 
Various typea of eleatrometer haw been used i n 
the pafft f o r t h i s woik. They suffier from, two d i s -
advantages however - the slow response of the i n s t r u -
ment and a l s o , since a null-balancing method isf usually 
adopted, the manual e f f o r t required to apply the balan-
cing e.m.f. Both objections are serious i f i t i s 
desired to measure the conduction current^ at ^ o r t 
time i n t e r n a l s a f t e r closing the c i r c u i t . 
Electrometer valves ,have been developed by various 
manufacturers i n which the g r i d current has been re-
dueed to as low: ae 10 A. A simple c i r c u i t f o r 
such a valve i s shown i n f i g , 10. I t may e a s i l y be 
shown that the application of a p o t e n t i a l B at a time 
t = 0 cause the fozmation of a charge Q on ihe g r i d of 
•fcbe valve (assuming that the g r i d current of the valve 
i s n e g l i g i b l e ) given by 
Q=^R!C_ (i.exp(- ^ |±|^)^) ) (R+RM ( ^ ) 
wherer R i s the grid leak r e s i s t o r , R» I s the resistance 
of the specimei to b« m;atsured and C i s the capacitance 
of the valve (grid-cathode) together-with stray capaci-
tances. 
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(Ehe c i r c u i t tlius* has a time constant given by 
BH'C/(E + R»)^ and since i n noxmal use R ' t h e 
time constant = RC. The maximum value of H l i k e l y 
to be used i s 1 0 ^ ohm', snd. C may be 10 pF so that 
the time constant i s a maximum of 1 sec compared to 
•toe 10 sec or more: of the electrometer. 
Hi the simp)lest c i r c u i t f o r an electrometer valve 
the change i n anode current i s used to indicate a 
change i n grid voltage. Such an arrangement suffers 
from i n s t a b i l i t y , nonlinearity and low ampi f f i c a t i o n . 
Various c i r c u i t s ( s e e Penick 1935) have been described 
using one valve and employing^ a resistance network to 
comp^sate f o r changes i n battery voltage and valve 
c h a r a c t e r i s t i c s , which are the most prominent causes of 
these defects. Sfuch c i r c u i t s are however tedious to 
"balance and are not rea d i l y adapted to measuring rapidly 
varying currents. 
The application of negative feedback to an ampli-
f i e r has i n t e r e s t i n g consequences (Tance 1936), and the 
c i r c u i t f o r such an am p l i f i e r i s given i n f i g . 11. The 
f i r s t stage of the a m p l i f i e r can be formed by an elec -
trometer valve. L e t the t o t a l gain of the amplifier 
( i n c l u d i n g electrometer stage) be S. The current I to 
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be measured produces a potential drop aorose the 
r e s i s t o r E, so that = I.R. I f the potential 
appearing a t the output terminals of the amplifier 
i s then owing- to the negative feedback, the signal 
p o t e n t i a l T at. the input i s given by s 
^ s - ^ l - V 
but. = (^-^gf 
therefore = T .^ffAGT + 1). 
By mftkfng ff large can be made very nearly equal to 
The lEBsponse of the c i r c u i t I s l i n e a r i f the i n -
put r e s i s t o r E obeys Ohm»^s law. Birthermore changes 
of G due to non-linearity of the; amp3J.fier, or due to 
changes i n the anqplifier c h a r a c t e r i s t i c s with time, 
§jwill have a ne g l i g i b l e e f f e c t on provided S remains 
la r g e . 
For the ordinary electrometer c i r c u i t the time 
constant i s RC, I h the feedback anQ)llfler the poten-
t i a l of the input c i r c u i t only changes by which i s 
Vg/G, This iff e q u i v a l ^ t to decreasing the input re-
sistance and hence the time constant i s reduced by l/S» 
The time constant w i l l therefore be RC/G, which i s much 
smaller than f o r an' ordinary electrometer or electrom-
e t e r valve c i r c u i t (see sec, 3.6), 
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There are two other advantages of the negative 
feedback amplifier. The power output can be made 
large enough to operate a recorder, and i t i s 
possible to use a guard^ ring i n the electrometer 
c i r c i x i t e f f e c t i v e l y since the diffierence of potential 
from earth i s only V^/&. 
3.3 THET KLECTROMBTER VALVES 
Bi choosing a suitable electrometer valve f o r the 
p r a c t i c a l c i r c u i t i t was decided to t r y to obtain one 
having a grid) current not l a r g e r than lO""''^  A. An 
©sram E T l electrometer triode was selected f or use i n 
preliminary work. I t suffered however from various 
di sadvantages t-
1, I t s amplification factor was very low (2/7). 2. 
Ite "Hie paartioular valve tested, the grid current was 
as much as 100 times greater than the makers average 
value. I t appeared to vary considerably with time 
i n a random manner, and suggested a certain amount of 
u n r e l i a b i l i t y i n the valve. 3. The valve was of 
large s i z e . 
A Hivac XB2 sub-miniature triode was then tested 
and subsequently i t proved to be very s a t i s f a c t o r y . 
The makers c h a r a o t e i l e t i c cuarves are shown i n fig.12. 
r t was decided to use the operating point T = 6 V and 
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V = -3 V» and the anode current under these conditions 
i s 8 / i A. An estimate of grid current was nade by 
observing the rate of d r i f t of grid potential about 
-15 
-3V and was found to be about 5 x 10 "^ A. The ampli-
f i c a t i o n f a c t o r i s 1.9 under these operating conditions 
and i s reduced to 1.7 by the use of an anode load re-
s i s t o r of 0.5 Megohm. 
3.4 THF PEEDBACK AMELIFIER 
A diagram of the am p l i f i e r i s shown i n f i g . 13, 
The description may conveniently be divided into 
three p a r t s . (a) The head u n i t . This consisted 
of an aluminium box 7 x 5 x 3 i n . > containing an inner 
brass c y l i n d e r i n which was suspended the electrometer 
valve by i t s four lead-in wires. The lead to the 
gr i d was birought into the alumlniim box throiigh the 
centre ot a polished polystyrene i n s u l a t o r 1^ i n . i n 
diameter and 1 i n . t h i c k , i n order to maintain a leak-
age resistance; greater than 10^' ohm. The box also 
contained a, select i o n of grid leak resistances (Welwj^n 
pyromatic type) from 10^ - lO"^ "^  ohms, two dry c e l l s (ir2) 
to provide -3V gridi^ b i a s , and the anode load r e s i s t o r 
R (wirewound). 
The values of the grid leak resistances were 
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accurately deteimliied by charging a small high quality 
condenser to a known potential and observing the rate 
at which i t s charge leaked away when a resistance was 
connected across i t , A s e n s i t i v e b a l l i s t i c galvon-
ometer was used to measure the charge on the condenser 
a t any time. I f i s the i n i t i a l charge on the con-
denser a and Q iaie charge l e f t at any timie t, then 
Q/q^ = e3cp(-t/R0), where R I s the value of the leakage 
r e s i s t a n c e , 
OSae anode potential was provided by a battery con-
s i s t i n g of f i v e lead a c i d c e l l s of 3 ampere; hours 
capacity. The heater current was supplied by a small 
•^Nife" c e l l . This c e l l hadl an e,m,f. of Just over 
1,25 V and could be used to heat the filament of the 
valve d i r e c t l y . The heater and h,t, supplied were 
brought to the valve using a twin core screened cable -
the screening being used as the earth l i n e , (b) The 
a m p l i f i e r (see Graham, Harkness & Thode 1947) The head 
unit was connected by a screened cable to the main body 
of the am p l i f i e r , which consisted of two stages of ampli-
f i c a t i o n provided by double triodes connected "cathode' 
coupled'*. This arrangement gave maximum s t a b i l i t y and 
freedom from d r i f t . The amplification of each valve 
was Just over 20, ecnd si n c e the electrometer valve had 
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a gain of n e a r l y Z, the whole BMpllfier had a gain of 
roughly 800. The two stage amplifier was connected 
to the f i n a l stage through a VR 105 voltage regulator 
tub© which functioned s a t i s f a c t o r i l y as a voltage 
dropping device with a current of a few )X A. The 
f i n a l stage was a cathode follower giving a low im-
ped^ce output and restoring the signal to the correct 
phase f o r negative feedback v i a the grid leak r e s i s t o r 
to the g r i d of the electrometer valve. 
The heateirs of the valves i n the amplifier were 
supplied by three 2 V, 80 ampere hour accumulators i n 
s e r i e s , i n order to avoid a.c. pickup from the heaters 
and also to eaisur©; high s t a b i l i t y . The high tension 
supply at 250 V was olrtained from a s t a b i l i s e d power 
pack. 
A l l the r e s i s t o r s i n the amplttler, with the 
exception of R^^, were wirewound to give greater 
s t a b i l i t y and freedom from d r i f t . Those i n the anode 
leads of the v a l v e s were Mutrhead precision wircwound 
r e s i s t o r s . A l l the variable r e s i s t o r s were Colvem 
4 watt wirewound types, with the exception^ of E^ which 
was a Berco 7 watt wirewoimd potentiometer. 
The lowest value of the capacitance of was 
rather c r i t i c a l . Obviously the s i z e of t h i s conden-
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s e r l i m i t e d the response of the a m p l i f i e r to a.c. 
Inputs since I t etoited Ej^^, On the other hand the 
a m p l i f i e r tended to o s c i l l a t e i f t h i s condenser was 
below a c e r t a i n value - t h i s was found; to be 0,05 
}Ji F, and meant that the ampUficatlon differed by 
3^ from one a t 50 c/s. Tills was not serious since 
the frequency response of the amplifier was mainly 
l i m i t e d by v i r t u e of the f a c t that the grid leaks 
had iiapedances at quite low frequencies which were much 
smaller than t h e i r d,c, resistances, 
Ey and were the f i n e and coarse zero controls 
respectively, and were adjusted to give zero output 
from the cathode follower with zero input to the grid 
of the? electrometer valve. The tapping on E^ was 
adjusted to be about 40 T positive with respect to 
earth. 
(e) Tiie pomer pack. The; s t a b i l i s e d h,t, supply i s 
ediown i n f i g , 14. I t consisted of a convential 
double diode r e c t i f i e r - g i v i n g about 500 ¥ d,c, and a 
••series p a r a l l e l " e l e c t r o n i c s t a b i l i s e r giving a 
supply of 30 mA at 250 
Any f l u c t u a t i o n i n the voltage at the point A. was 
fed by means of the resistance netwoii to the grid of 
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the ampTiffier pentode B! 50.. This a l t e r e d the anode 
current of t h i s valve and changed the potential drop 
across the anode load reiedstor. The g r i d potential 
applied to the 807 valves changed and altered the im-
peGtenoe of these valves i n the appropriate sense so 
that the fluct u a t i o n i n the potential a t the point A 
was not passed into the output l i n e . I n a s i m i l a r 
way, due to increase of potential across the 10 ohm 
r e s i s t o r , changes i n current drawn by the load were 
prevented from a f f e c t i n g the output, voltage of the 
s t a b i l i s e r . The voltage regulatoSr tube VR 105 served 
to^ keep the cathodie: of the BP 50 at a constant ref er-
a i c e p o t e n t i a l with respeet to thee negative l i n e . I t 
tended to show jumps ih' operating voltage daring use, 
but the e f f e c t s on the s t a b i l i t y of: the amplifier were 
not; serious. The output a t 250 T had a r i p p l e of 5 
mV r.m.s. and was stable over a 10^ change ot input 
voltage. 
The d r i f t of the amplifier ovasr short periods was 
quite low, usu a l l y b e t t e r than 10 mV. I t was 
necessary to wait about -J- - 1 hour f o r the amplifier 
to warm up and f o r the d r i f t to s e t t l e down. The 
noise l e v e l was quite reasonable - about 5 mV with a 
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1 0 ^ ohm r e s i s t o r i n the input (the greater pro-
portion of t h i s noise belng^ accounted f o r by the 
shot n o i s e of the g r i d leak r e s i s t o r i t s e l f ) and 
somewhat l e s s with smaller g r i d leak r e s i s t o r s -
t h i s being low compared to the smallest signal that 
had to be handled i n conductivity measurements, 
3.5 TO.TAGB AMPIimCATIOH 
Since the output of the feedback amplifier was 
equal to the Input ( i n f a c t I t may very properly be 
c a l l e d an Impedance converter, i t was necessary to 
ampllfSr the signal considerably i n order to display 
•^e output on a cathode ray tube. 
i n a m p l i f i e r was b u i l t followirig the c i r c u i t given 
by SooEdwln (1941). I t had three stages, the f i r s t two 
being push-pull stages incorporating a variable amount 
of negative feedback between than. The l a s t stage 
was a push-pull output capable of ^ v i n g a voltage 
swing up to 200 The power u n i t £^ve a 400 TT 
s t a b i l i s e d d.c. supply f o r the h.t. of the second and 
t h i r d stages;. The h.t, of the f i r s t stage was provided 
by twoi 90 T dry b a t t e r i e s . The heaters of the f i r s t 
two stages were supplied by high capacity accumulators, 
and the l a s t stage by a winding oii the mains transformer 
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of the power pack. Since t h i s was operated from a 
constant voltage transfcrmer, the heater voltage was 
f a i r l y stable. The whole an?>llfier had a gain of 
over a m i l l i o n without feedback,, but noaamally negative 
feedback was employed to reduce the gain to the required 
value. 
I t was intended to couple the a m p l i f i e r to the 
Impedance convertor and display the output on a cathode 
ray tube. However a f t e r the amplifier had been b u i l t 
a Purzehiill l684Dt2 cathode ray oscilljoscope became 
a v a i l a b l e . Since t h i s incorporated a three stage d.c. 
a m p l i f i e r with cathode coupled valves i n each stage,- giv-
ing a maximum s e n s i t i v i t y of 1.5 mm/mV at the screen, i t 
could be used dlrexjtly to display the output signal of 
the impedanee conviertor and the voltage amplifier that 
had already been b u i l t was not used i n further work. 
3.6 TESTINGF OF THE RESPONSE TIME OP THE AMPLIFIER. 
A check on the response time of the amplifier was 
made i n the following way. The grid of the electro-
meter valve was conmected to the lower brass electrode 
and t h i s was surrounded by the heating c o i l (see sec. 
4.4). No c r y s t a l was, however, placed on the elee-
tirode. I t was fbimd on switching on the heating c o i l 
t. < 
F i g u r e 15 - E x p o n e n t i a l decay curve, 
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that a large e l e c t i r l a eharge was pitcked up by the 
electrometer valve? and t h i s saturated the amplifier. 
On switching off. the heating c o i l t h i s charge decayed 
to zero and the rate of t h i s decay was taken as a 
measure of the response trrnre of the amplifier. A 
photograph was taken of the decay ©irve as shown on 
the screen of the osoilloscope. 
Consider the decay curve shown i n f i g . 15. At 
the time t ^ the a m p l i f i e r i s saturated and the cl^arge 
on the g r i d of the eleatrometer valve. I s represented by 
Qg. The heating c o i L i s switched o ff at- t h i s point 
but the a m p l i f i e r remains saturated u n t i l the time t ^ i s 
reacshed. The decay curve now become evident on the 
oseilloscope s e r e ^ , ultimately reaching: the point Q = 
0 at; the time t = <5o . Wie can measure a s e r i e s of 
points: (Q^, t ^ ) , (Q^r tg,)> etc, although i t i s neces-
sary to take an ar b i t a r y zero f c r t.. The zero f o r Q 
i s known since i t i s given by the zero trace on the 
screen^ i , e , a f t e r a large time: t has elapsed. Let us 
assume that the curve i s given by the equation, 
Q = exp{-t/T) 
Theit the points {Q-^^'^i^ »^^2'^2^ ® ^ gtven by 
= exp(-t^/T) 
Q2 = QQ exp(-t2/T) 
Therefore ( ^ ^ - t i ) / ! = loge (Q1/Q2) 
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I t w i l l be noticed i i i t h i s equation tJbat the only 
values of t required are t h e i r differences (tg - t ^ ) , 
although the absolute values of Q are needed. I f a 
graph of Q against t i e plotted on logarithmic graph 
paper the time constant T can be calculated from the 
slope: of the^ graph (which should be a straight l i n e ) , 
A number of f i l m s of the decay curve were taken 
f o r various values at the gr i d leak i n the electro-
meter valve c i r c u i t . The curves were measured up 
using a t r a v e l l i n g microscope and (Q, t ) curves were 
plotted and are showm i n f i g . 16. The points formed 
approximately a straight l i n e and the time constants 
of the c i r c u i t were found to be 0.^ 087 see f o r the 
lO'^ ''' ohm g r i d leak, and 0.031 see f o r the 10^^ ohm 
g r i d leak. The decay curve f o r the 109 ohm gr i d 
leak was too steep t o be measured up accurately on 
the: t r a v e l l i n g microscope. 
3.7 THE SWITCHIHS CIRCUIT 
The speed of the time base of the i?urzehill 
CvR.O. could be reduced by the addition of external 
condensers and appeared to p)rovide an excellent 
means of observing the form of the polarisation 
curve of a l k a l i halide c r y s t a l s . 
V//// 
Figure 17 - The i n p u t ^ w i t c h i n g c i r c u i t , 
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The input switching c i r c u i t i s shown i n f i g , 17, 
The switch was spring loaded and nonaally connec-
ted the c r y s t a l to S*^ ^ but i t could be used to earth 
the c r y s t a l i f necessary. The c r y s t a l was always 
connected to earth v i a the 0.^ 1 Megoiim resistance, 
t h i s r e sistance being chosen as the lowest that did 
not draw appreciable current from the h.t, battery. 
S"2 was a double pole switch and when used to apply a 
p o t e n t i a l to the c r y s t a l also broke the contacts of 
the Post Office type relay. The C,fi,0. was connected 
i n the single sweep position and breaking these con-
t a c t s s t a r t ed the sweep of the spot across the screen. 
The 0.001 A( J condenser was added since i t was found 
that an inductive surge was shown on the cr,R,0, when 
the p o t e n t i a l was applied,; and a condenser of t h i s size 
appeared to reduce the transient surge considerably. 
Provision was made to photograph the trace on the 
screen. An Avimo 35 mm oscilloscope camera was used 
together with I l f o r d 5B52 f i l m . The screen was a 
blue photograph type with a 1 }4 sec afterglow and the 
photography of t r a n s i e n t s with times down to 1/100 sec 
was quite easy, unfortunately i t was not possible to 
record' p o l a r i s a t i o n curves l a s t i n g longer than 10 sec, 
48. 
since t h i s was the largest convenient sweep that 
could be used on the a.R.O. 
3.8 THE CATHODE FOLIOWER 
I t has been mentioned that the impedance eonver-
t o r tended to o s c i l l a t e without the presence of the 
condenser C,. Wben i t had the value 0.05 >l P i t 
suppressed o s c i l l a t i o n with g r i d leaks from 10"^^ -
9. q 10 ohms. ffowever when using grid leaks below 10 
ohms i n value, i t was found t h a t a much, higher value 
of had to be used to prevent o s c i l l a t i o n , thus 
cutting very seveirely the response of the aiiQ)lifier 
at low frequencies. I t was decided therefore to 
b u i l d a separate u n i t to measure the conductivity of 
g 
c r y s t a l s requiring g r i d leaks of 10 ohms o r l e s s f o r 
the deterHrtnation of their- conductivity. 
Some preliminary experiments were carried out 
with, a view to using a Mullard BF 37A high gain pen-
tode as an electrometer valve when operated with re-
duced potentials on i t s anode and heater. When the 
valve was operated as a triode with 90 T on the anode 
and 4.5 T instead of the usual 6,3 T on the heater, g r i d 
currents of as low a s 10~ A couM be obtained at a grid 
voltage of -3 T. 
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A simple cathode follower c i r c u i t was constructed 
a s shown i n f i g . 18. I t was mounted i n an aluminium 
box: exactly s i m i l a r to that used f o r the head u n i t of 
the impedance converter. The h.t. was supplied by a 
90 T battery, and the heater supply from, three 80 
ampere hour aceumuiators using: a dropping r e s i s t o r to 
give only 4.5 T a c r o s s the valve:. Three grid leak.8, 
8 7 6 10 , 10^ fflid 10 ohms were used. 
The time constant of the input c i r c u i t i s again 
given by RC, where^ R i s the value of the grid leak and 
er i s the input' capacitance of the electrometer valve. 
For a cathode follower i t . can be shown that the input 
capacitance i s given by a^^^ = C^^ + Cl - A). CT^ j^ , 
where A i s the amplification and the other symbols have 
t h e i r usual meaning. l o r the BP 37A,^  C ^ = 0.02 + 0.1 
X 6 = 0.62! pB. I f the stray capacitance of the g r i d 
lead i s added to. t h i s i t i s evident that the time con-
stant i s l e s s than l/lOOO sec even f o r the largest grid 
l«ik: en^loyed. 
The gain was approximately 0..9, and was found to 
be l i n e a r over signal inputs of 2 T. The output 
s i g n a l was fed d i r e c t l y to the amplifier of the C.R*0. 
and the trace on the screen was brought back to zero, 
4-5 V. 
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Figure 19 - The backing o f f c i r c u i t o 
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fittr zero input to the cathode followeyj using the vciv 
t i c a l deflection control on the oscilloscope. The 
u n i t was ca l i b r a t e d d i r e e t l y by applying known v o l -
tage inputs to the g r i d of the valve and observing the 
de f l e c t i o n of the trace on the C,R.O, 
i!0.though i n general the v e r t i c a l deflection con-
t r o l on. the ©scilloscope could be used to zero the 
trace on the s c r e a i , i t was found that with the 
highest s e n s i t i v i t y range of the ao^xlifier i n the 
oscilloscope i n use,, the output from the amplifier was 
toa- great to allow the v e r t i c a l deflection control to 
bring^ the trace back on to the screen again. I t was 
therefore decided to bu i l d some form of ••backing: off" 
c i r c u i t to reduce the output from the cathode follower 
to zero f o r zero input. The ciarcuit i s shown i n f i g , 
19, The battery consisted of three dry c e l l s (U2) 
i n s e r i e s acro;ss a 1000 ohm wirewound variable resistance. 
Since there was a potential of 4.5 v o l t s across the 
resistance i t was pos s i b l e to tap off any potential from 
zero to t h i s value by suitable adjustment of the tapping 
point. This steady voltage tapped off: was connected 
i n s e r i e s with one of the leads from the cathode follow-
e r to the input of the am p l i f i e r of the- oscilloscope and, 
provided that i t was connected i n the right sense, i t 
Figure 20 - General view of apparatus. 
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was posfftble to reduce the input to the amplifier to 
zero toT zero input tO) the cathode follower. 
A general view of the amplifiers, switching c i r -
cuit,, cathode ray oscilloscope, etc, i s shown i n f i g , 
20. 
J,9 PEEPARATION Og CgTSTALS 
Ih ord:er to measure the conductivity of c r y s t a l s 
i t was necessary to apply electrodes to two surfaces 
and various methods were used, m general the crys-
t a l was cleaved to give a specimen roughly 1 <an square 
and 0,5 em th i c k . 
A piece of platinum f o i l was connected to the 
negativre end of a 1000 T l i n e and sputtering was 
c a r r i e d out i n a. portable vacuum apparatus using an 
atmosphere of a i r at a pressure of 0.1 mm of mercury. 
The methodl was abandoned a f t e r considerable esgperiment 
as i t was found that the c r y s t a l became very hot during 
the discharge and cracking occasionally occurred, 
furthermore I t was d i f f i c u l t to control the direction 
and density of the sputtered metal. The method has 
apparently been used s u c c e s s f u l l y elsewhere, but i t was 
f e l t that with the apparatus a v a i l a b l e , neither the 
vacuum g^rstem nor the high tension supply, was suitable 
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i n t h i s case. 
I t was decided to t r y to evaporate an aliaminium 
f i l m onto the c r y s t a l surface and t h i s proved very 
a i c c e s s f u l . Pieces of aluminium wire were attached 
to a filament made: of a small, c o i l of tungsten wire. 
Ihe c r y s t a l was placed on a metal table on the base 
of a b e l l j a r ^ i c h could be evacuated by rotary and 
o i l d i f f u s i o n pumps to a pressure of lo"'^ mm of mer-
cury. A metal shi e l d having an opening the size of 
the area to be covered W sn. aluminium fi l m was placed 
over the c r y s t a l . A current of the order of 20 A was 
passed through the tungsten wire and the aliiminium f i r s t 
melted, and was then boiled off the wire. At the low 
pressure the mefen free path of the aluminium ions was 
l a r g e and they t r a v e l l e d i n straight l i n e s , thus de-
positing a r e f l e c t i n g f i l m over the exposed c r y s t a l sur-
face and aJ^BO over the w a l l s of the containing j a r . 
The alumlnltua surface proved to be very s a t i s f a c -
tory a s an electrode but i t was necesKiry to keep the 
c r y s t a l dry, otherwise the aluminium was e a s i l y rubbed 
off, apparently due to the formation of a filmi of water 
on the c r y s t a l surface. A l l c r y s t a l specimens were 
kept i n tubes containing a small quantity of s i l i c a gel 
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to absorb moisture. There was one disadvantage with 
aluminium electrodes - cry fetal s could not be annealed, 
even at temperatures below the melting point of alu -
miniumi, without destroying the film, presumably due 
to the formation of the appropriate aliimihium halide. 
Experiments with electrodes of c o l l o i d a l graphite 
were also c a r r i e d out. The following ••dag" disper-
sions of c o l l o i d a l graphite were used: 
Aquadag - c o l l o i d a l graphite i n water - t h i s was quite 
u s e f u l though some dissolving: of. the surface l a y e r of 
the c r y s t a l took place and the coating took some time 
to dry. Product 959 - c o l l o i d a l graphite i n i s o -
propanol - t h i s was very s a t i s f a c t o r y . I t was reason-
ably quick drying and had the advatage of being chemi-
c a l l y i n e r t to a l k a l i h a l ides. Also i t did notintro-
duce water to the c r y s t a l surface. Dispersion 56 -
c o l l o i d a l graphite i n acetone - t h i s preparation was 
f a r tooi quick drying and i t produced a very uneven sur-
face. 
These dag compounds were applied d i r e c t l y to the 
c r y s t a l surface using a small sable h a i r brush. The 
c r y s t a l surface was generally roughened with f i n e 
emery paper, although the coating appeared to be quite 
f i r m even when the surface was not dulled. 
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As with the aluminixim. film , the graphite surfaces 
could not be used at high temperatures and annealing 
of c r y s t a l s with dag f i l m s was impossible. The 
trouble i n t h i s case was the oxidation of the carbon 
in a i r at high temperatures. 
The d i f f i c u l t y was not too serious since fresh 
electrodes could r e a d i l y be applied a f t e r annealing, 
lurthemore the surface was l e f t clean a f t e r the 
oxidation of the graphite and not contaminated as i n 
the case of the aluminium f i l m , 
Eelton " l i q u i d S i l v e r * (^0 grade) was also used. 
T h i s was a black paint containing about 50?S of s i l v e r 
i n an oxidised fbim. I t was painted on to the 
c r y s t a l surface as f o r the dag dispersions. The 
c r y s t a l was then placed^ i n a furnace and taken up to a 
temperature of 600^C, thus reducing the paint to a fi l m 
of m e t a l l i c s i l v e r . 
T his preparation has many advantages. The fi l m 
was not e a s i l y tomaged and was i n every way more durable 
than the other films t r i e d . The c r y s t a l could read-
i l y be annealed without damage to the film and indeed 
the two operations of annealing and f i r i n g the paint 
could r e a d i l y be combined. 
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Figure 21 - Tenting the ohmic response of the electrodeso 
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5.10 ggSTIgS Qg gRAPHIIE ELECigSODES 
I t wa» desired to t e s t e l e c t r i c a l l y the 
eff^icienay of the graphi te electrodes. En par-
t i c u l a r I t was important to show tha t there was no 
r e c t i f y i n g l a y e r present at the i n t e r f a c e . Two 
samples of* sodium chlor ide w^re taken and graphite was 
appl ied to: t h e i r app)roprlate surfaces. The conduc-
t i v i t y current (both i n i t i a l and permanent) of both 
specimens was measured using a set o f values of the 
appl ied p o t e n t i a l over the range 11.2 to 116 Yol ts . 
The graphs of conduc t iv i ty current against applied 
p o t e n t i a l are shown I n f i g . 2 1 , The x represents the 
permanent conduc t iv i ty current of the f i r s t specimen 
and the ar and o the i n i t i a l and permanent conduct iv i ty 
cur ren ts of the second specimaa. I t w i l l be seen 
t h a t the: graphs of curreait against p o t e n t i a l are 
s t r a i g h t l i n e s as would be espeoted. tor an ohmic 
contact a t the In ter f iace . I f a r e c t i f y i n g ; l aye r 
were present i t should g ive r i s e to a square law type 
o f cur ren t v -woltage graph. 
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4. APPARATUg K)R a?HE PLASTIC DEFORMATION OP CRYSTALS 
4*1 BASIC DESIGN 
I t was desired to construct an apparatus which 
would hold an a l k a l i hal ide sample and would enable 
the f o l l o w i n g measurements tO) Ixe taken:- 1 . the con-
cfeiotivity of the c r y s t a l , 2. the mechanical stress 
appl ied , 3» tJie s t ra in , , and 4. the temperature. I n 
connection w i t h t h i s l a s t requirement i t was desired to 
miount the apparatus i n a fumace and to perform exper i -
ments at d i f f e r e n t temperatures. 
The basic d i f f i c u l t y i n f u l f i l l i n g these require-
ments was to maintain the e l e c t r i c a l i n s u l a t i o n o f the 
rele-vrant parts, o f the; conduct iv i ty apparatus to as high 
13 
as 10 ohm. I t was also necessary to measure the 
s t r a i n of the c r y s t a l a t the same time and t h i s require-
ment madie the ac tua l design o f the apparatus very d i f f i -
c u l t . 
An attempt was made to const,ruct an apparatus on 
these l i n e s us ing the apparatus already described to 
measure the e l e c t r i c a l conduct iv i ty o f the c rys t a l s . 
Stress could be appl ied d i r e c t l y by weights and s t r a i n 
measured by the use o f an o p t i c a l lever system. Speci-
ments o f sodiimi ch lor ide could be cut about 1 cm square 
and 2 cm long,, and as i t was; desired to measure a com-
pression o f 0,03^ i . e . 0.001 cm, t h i s meant a 1 mm throw 
view ,1 ^ t t ^ t r n t - f i f 
of VcrNcal 
. 1— C r , , M 
Figure 22 -= The f i r s t stress apparatus. 
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on a scale i f a magn i f i ca t ion o f loo was to be used. 
The maximum throw of the o p t i c a l l ever i n the room 
a v a i l a b l e , and wi thout the use of mi r ro r s , was 2.5 
m so a l e r e r arm o f 2.5 mm was required to give t h i s 
m a g n i f i c a t i o n . 
4.2 THE STRESg APPARATUS 
The apparatus i s shown i n f i g . 22. I t . consis-
ted o f a fumace , s i m i l a r to those used f o r growing 
c r y s t a l s , supported on a s tee l framework having three 
l e v e l l i n g screws. The outer case of the furnace 
d i f f e r e d i n t h a t i t had c i r c u l a r sheets of sindanyo 
a t the top and bottom,, with, the sides fonaed by a 
sheet o f 16 S.W.G. aluminium bol ted at i n t e r v a l s of 2 
i n . i n t o the edge of the bottom sheet of sindanyo. 
Two 5/16 i n . diameter s tee l t i e rods held the fumace 
together . 
The furnace temperature was con t ro l l ed by a 
plat inum resistance thermometer mounted i n an alumina 
tube and an e lec t ron ic temperature c o n t r o l l e r , as 
described f o r the c r y s t a l growing furnace. There was 
a s l i g h t d i f fe rence i n t l ie con t ro l c i r c u i t f o r since 
i t was not required to run the fumace a t temperatures 
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above 600°C, i t was operated f rom a '•Regavolt" 
g i v i n g a var iab le voltage a.c. supply up to a maxi-
mum current o f 7 A. The re lay i n the temperature 
c o n t r o l l e r served to short out a 10 ohm res i s to r i n 
ser ies w i t h the supply. m c o n t r o l l i n g the tem-
perature about any given value; the regavolt was f i r s t 
set. so that w i t h the series r e s i s t o r shorted out the 
temperature of the furnace tended to r i s e s l i g h t l y 
above the required value. With the c o n t r o l r e s i s t o r 
in* ser ies the temperature tended to f a l l below the 
operat ing value and c o n t r o l was achieved i n t h i s way. 
The c r y s t a l rested on a copper base plate which 
was supported by three ^ i n . diameter s tee l rods which 
i n t u r n were anchored to the metal framework suppor-
ting^ the furnace . The copper p la te car r ied three 
holes w i t h grub screws at an angle of 45° to the pla te 
(so tha t they cculd be t l ^ t e n e d f rom the mouth of the 
furnace) and 3 mm diamieter s i l i c a rods were supported 
i n the holes. A second copper p la te rested on the 
upper surface o f the c r y s t a l and the p la te also ca r r ied 
three holes f o r s i l i c a rods on i t s upper surface. This 
second copper p la te had a v-shaped hole d r i l l e d i n i t s 
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upper surface to hold a b a l l bearing which acted as 
a un ive r sa l j o i n t betweea the copper p l a t e and a 
s t ee l p la te above car ry ing a corresponding v-
shaped hole i n i t s lower surface. This s teel plate 
was connected by three 3/1& im. diameter s teel rods, 
passing through holes i n the base of the fumace, to 
a s i m i l a r p la te below the fumace base. Weights 
could be appl ied by a s tee l wire attached to t h i s 
lower p la te and the un ive r sa l Jo in t ensured that the 
compressive t h ru s t was always di rected along the ver* 
t i c a l ax is o f the c r y s t a l . The loading weights were 
ca r r i ed on a r i s i n g table and could be applied gradu-
a l l y to the specimen by slowly lowering t h i s t ab l e . 
The s i l i c a rods passed through holes i n the upper s tee l 
p l a t e and the sindanyo cover to the fumace , and each 
se t o f three rods ended i n a t u f n o l d i sc . The r e s i s -
tance o f these rods was greater than 2 x 10^^ ohm/cm 
a t temperatures up to 150°C and tbey thus served to 
maintain the i n s u l a t i o n between the two ends of the 
c r y s t a l . An o p t i c a l l ever 2.7 cm long carrying a 
smal l plane m i r r o r and res t ing on gramophone needles 
as bearings,; operated between these two t u f n o l discs . 
The l eve r threw a beam from a galvanometer lamp on to a 
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scale approx. 2.5 m f rom the m i r r o r - the system 
having a magni f i ca t ion of about 93, 
The whole apparatus was mounted on a dexion frame 
of very r i g i d cons t ruc t ion . I t was shielded from 
externa l e lec t ros ta t i c : In ter ference by aliiminitim 
sheet ing and was eaxthed to a copper p la te burled I n 
the groTind outside the room. This was necessary since 
the mains earth was not s a t i s f a c t o r y . The earth lead 
to the room was ra ther long and was subject to pick-up 
f rom other e l e c t r i c a l apparatus I n the b u i l d i n g . The 
head u n i t o f the conduc t iv i ty apparatus f i t t e d I n t o a 
s l o t o f rectangular cross section cut i n the screening 
at one s ide . The g r i d lead was made w i t h f i n e wire 
f rom the lower s tee l p la te o f the hanging s^ ystem to the 
insu la ted te rmina l on the head u n i t . The p o t e n t i a l 
was appl ied to the c r y s t a l by a screened lead brought 
i n t o the apparatus f rom the switching i m i t and was 
connected to the lower copper p l a t e , 
jtoi ear ly m o d i f i c a t i o n was made to the apparatus 
when i t was discovered tha t the copper discs tended to 
scale at comiparatively low teiiQ)eratures, and they were 
replaced by s i m i l a r discs made of n i c k e l which were 
completely f r e e from t h i s defect . 
The apparatus proved to be ra ther unsuccessful i n 
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many ways:- 1 . I t wasi extremely d i f f i c u l t to set 
the c r y s t a l i n p o s i t i o n ( t h i s had to be car r ied out 
from the top of the fumace) and to adjus t the o p t i c a l 
l e v e r system. 2. The s i l i c a rod system was very un-
s tab le and subject to ex t ema l v i b r a t i o n . B i r t h e r -
more i t had a considerable d r i f t , a t times exceeding 
over a pieriod of. 5 minutes the value corresponding^ to 
the s t r a i n to be measured. Although t h i s d r i f t d i s -
appeared w i t h t ime, i t reappeared w i t h loading and thus 
i t was impossible to determine whether o r not the speci-
men was d:eformlng. 3. The apparatus suf fe red from an 
inherent disadvantage - tha t any changes i n conductiv-
i t y could not be observed u n t i l at leas t 10 sec a f t e r 
the loading had been car r ied ou t . This delay was due 
mainly to the necessi ty of rep lac ing the screening round 
the apparatus. Purthermore when the weight was not 
appl ied but was held on the r i s i n g t ab le , no conduc-
t i v i t y measurements were possible owing to the i n su l a t i on 
o f the c r y s t a l being destroyed by the leakage v i a th.e 
r i s ing ; t a b l e to ear th . 
The apparatus* served to determine the conduct iv i ty 
o f specimens using a nominal load of 1 Kg to keep the 
c r y s t a l i n place. The apparatus also allowed the con-
Figure 23 =• The second stress apparatus. 
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d u c t l v l t y measurement to be ca r r ied ou t over a wide 
range o f temperatures f rom room, temperature to near 
the me l t i ng p o i n t , although resu l t s near room temper-
ature were not r e l i a b l e owing to the. d i f f i c u l t y of 
preventing water f i l m s which caused surface conduction, 
Thie apparatus could also be used to measure conductiv-
i t y w i t h the a p p l i c a t i o n o f compressive loads up to> 
about; 50 Kg» The s i l i c a rod system was not assem-
bled BO tha t st .rain measurements were not possible, 
Thje apparatus was however subject to l i m i t a t i o n 3. i n 
t h i s use. 
4.3 THE SEGOim: STHE3S APFABAIHS 
I t was decided to b u i l d a second; apparatus to 
measure the conduc t iv i ty o f c r y s t a l s over a l i m i t e d 
range of temperature and also to apply and mCT,sure 
stresses s u f f i c i e n t to cause p l a s t i c ; deformation o f 
the c r y s t a l . I t was also desired to improve upon 
l i m i t a t i o n 3. above,, so tha t measurements o f the con-
d u c t i v i t y could be made simultaneously w i t h the a p p l i -
c a t i o n of stresses to the c r y s t a l . 
Thie apparatus i e shown i n f lg^,23. The c ry s t a l 
was he ld bebwe^ the jaws o f a small ••Record" vice and 
s t rese was appl ied to- I t by r o t a t i o n o f the lead screw 
Figure 24 - The temperature measuring c i r c u i t , 
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o f the v i c e . Di order t a insu la t e the c r y s t a l from 
the v ice (which was earthed}, a 1 i n , diameter quartz 
d i s e 6*5 mm -tiiick w i t h a p la te glass f i n i s h was used 
andl i t . rested on the lower j:aw o f the vices, Tke crys-
t a l was k e l d betweec an upper aluminium^, rod 2 i n . long 
and f i n . diameter and a lower aluminium rod o£ the same 
diameter,, and f i n , l ong . These rode served as connec-
t i o n s t o thje eleotrodies on the surfiace of the c r y s t a l and 
wesre gripped bjetweoi the jaws o f the v i c e , the lower a l u -
mlniumi rod being^ connected to the g r i d of the e lee t ro-
Diefeer v a l v e . The upper rod was insu la ted from the 
upper jiaw o f the v i c e by a t h i n perspex sheet and a po-
t e n t i a l could be appl ied to i t ; from the switching ( ^ r c u i t 
Csee sec. 3 » 7 ) . I t also ca r r i ed a small hole d r i l l e d 
h o r i z o n t a l l y a t I t s lower a id„ i n which was inser ted a 
coppei/constant in laieimoji inct lon. This themojunc t ion 
was connected to a potentiometer c i r c u i t and was c a l i -
brated beforehand so that I t couldL b>e used to indicate 
the temperature o f the c r y s t a l . 
Tbe temperature measuring; c i r c u i t i s shown i n f i g . 
24, The potentiometer c i r c u i t consisted of a s l ide 
wire 100 cm i n l o i g t h . and having a resistance of 1 ohm. 
Hi s e r i e s w i t h tbe wire was a 2 T accumulator and a re -
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s i stance of 200 ohm. With t h i s arrangement the 
current through the c i r c u i t was 10 mA and the poten-
t i a l drop acrose the s l idewire was 10 mV, The 
balance po in t was obtained using a sensi t ive m i r r o r 
galvanometer which was housed I n a wooden box having 
an i n t e r n a l l i g h t system and a t ranslucent scale 
mounted i n the f r o n t w a l l o f the box. A pro tec t ion 
resistance was also inoorpo^rated i n series w i t h the 
galvanometer. The theimojunct ion consisted o f two t h i n 
w i r e s o f copper and constantin which were brazed t o -
gether at; t h e i r ends, ani the brazed p o r t i o n was f i l e d 
down u n t i l I t . f i t t e d smoothly In to the hole, d r i l l e d i n 
the side o f the upper aluminium: electrode. I t was 
c a l i b r a t e d by immersing I t i n a beaker o f s i l i cone f l u i d 
which could be heated, to vaidou& teiiq)eratures from room 
t e i ^e r a tu r e t o 360°cr, the temperature be ing measured by 
a mercury- i i i -g lass thermometer.^ The co ld j tmc t ion of 
the thermocouple was formed by the j u n c t i o n o f the copper 
and the ©ons tan t in wires w i t h the measuring c i r c u i t , and 
was room temperature, A c a l i b r a t i o n graph was drawn 
o f the balance po in t I n centimetres along the s l i d e wire 
against the temperature d i f f e r ence between the hot 
j u n c t i o n o f the thermocouple and room temperature, so 
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t h a t i t was necessary to adcE the; room ten5)erature to 
ob ta in the temperature o f the hot j unc t i on from t h i s 
graph. A t high temperatures I t was found tha t the 
e.m^.f. o f the thermocouple exceeded 10 m¥ and a series 
resistance o f 100 ohms was used instead o f 200 ohms i n 
order to g e t the balance po in t on the wire again. TTlth 
t h i s temperature measuring system I t was possible to 
determine the temperature o f the thermojunction to an 
acouKtey o f ± 2°C over most o f the range, but w i t h a 
somewhat g^^ea.ter error, a t the high temperature a i d . 
Tbe- c r y s t a l and the alumlnlumi cy l inders were 
surrounded by a beater made o f 26 S'.W.ff. nickel-chromium 
wire wound on a glaeS tube 1^ i n , long and 1 i n . d i a -
meter covered by a l aye r o f asbestos paper. The windin^f, 
which had a resistance o f 20 ohms, was covered by a 
t h i c k l a y e r o f asbestos tape to reduce beat loss t O ' the 
outside and was operated; f rom a regavolt varLable trans*-
former . r t was not possible to regulate the tempera-
ture by means o f a c o n t r o l l e r owing; to t h e s n a i l dimen-
sions o f the apparatus, but- i t was found tha t an e q u i l i -
brluja temperature was reached f o r a given se t t ing of the 
regavol t which was steady t o a degree or two. 
The apparatus was mounted on a dexion framework, the 
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v i c e being: mounted v e r t i c a l l y and surrounded by sheet 
aluminium i n order to provide e l e c t r i c a l screening. 
Provisions was made in s ide the screening to mount the 
head u n i t o f the conduc t iv i ty apparatus. Access to 
the screw of the v i c e was provided from the top of 
the casing, and stress, wasr applied by hand while at 
the same t ime observing the d e f l e c t i o n of the trace 
on the cathode ray tube, A view of the apparatus 
i s shown on the l e f t i n f i g , 20. 
I t . was planned to a t tach a Saunders-Eoe f o i l 
s t r a i n gauge to the upper aluminium cylinder- by A r a l -
d l t e 103 cement (an epoxy r e s i n ) . These s t r a i n gauges 
consis t o f a metal f i l m on a p l a s t i c backing and show 
a change o f resistance on deformation. The gauge can 
be c a l i b r a t e d f o r the measurement o f stress, since i f 
known loads are appl ied to the aluminium cyl inder the 
gauge w i l l respond to the s t r a i n o f the cyl inder , so 
tha t provided the e l a s t i c l i m i t f o r alumlniumi i s not 
exceeded a constant re la t ionsh ip w i l l ex i s t between the 
s t ress and the s t r a i n i n the aluminium. The resistance 
o f the s t r a i n gauge was measured by a simple Yfheatstone 
network. The gaxige (which had a resistance of approx. 
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65 ohms) formed one arm o f the network and i n the 
opposite arm was placed a decade resistance box 
reading down to 0 ,1 ohmi. The f i n a l d i a l of the 
decadte resistance box was a continuous s l i d e wire 
reading to 0,001 ohm. The other two arms of the 
network were two 100 ohm f i x e d r e s i s to r s of h igh 
s t a b i l i t y . Power f o r the bridge was provided by 
a 2 T acoiumilator and the balance po in t was obtained 
us ing a sens i t ive m i r r o r galvanometer, . 
un fo r tuna te ly I t was; found that the change of 
resistance o f the s t r a i n gauge was only o f the order 
o f 0.005 ohm f o r an increase o f stress o f 20 Kg. The 
method was therefore far . too; insens i t ive f o r the 
measurement o f s t ress . Moreover i t was found that 
contact t roubles occurred i n the s l ide wire of the 
decade resistance box so that readings of resistance 
to 0,001 ohm were not always reproducible . Some 
method o f increas ing the change o f resistance f o r a 
given stress had therefore to be fo\ ind. This could 
be done i f some ma te r i a l could be found which had a 
Young's modulus o f e l a s t i c i t y smaller than that of 
aluminium, thus g i v i n g a greater s t r a i n to the s t r a i n 
gauge f o r a corresponding ffbress increment. I f 
possible the mate r ia l had to be u s e f u l at high temper-
F i g u r e 25 - The t h i r d f=!treBs apnaratus. 
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atures^ thus ru l i n g out the p o s s i b i l i t y of using hiard 
rubber, etc. I t was decided to t r y Marco He s i n whicsh 
had a Yoxmg's modulus of e l a s t i c i t y of 1.93 lO'^ ''" dyn/" 
2 11 
cm compared to 7 x 10 f o r aluminium. This poly-
e s t e r resini could be e a s i l y moulded when cold and when 
polymerised was machined Into cylinders of ^ i n . dia-
meter. St r a i n gauges were attached by means of Aral-
dite cement and the system tested i n the compression 
apparatus. Since the diameter of the cylinder had 
been reduced from f i n . to i i n . and the Young's modulus 
reduced by a f a c t o r of 2/7, the resistance changes were 
now about eight times t h e i r o r i g i n a l -ralue f o r a given 
s t r e s s i n c r e m ^ t and were thus f a i r l y e a s i l y measurable. 
A complication arose since i t was found that the defor-
m t i o n of the r e s i n was not purely e l a s t i c . At any 
s t r e s s , apart from the Immediate e l a s t i c deformation, 
there was a slow p l a s t i c creep which appeared to relax 
slowly on removal of the s t r e s s . 
There were further d i f f i c u l t i e s with t h i s apparatus. 
Since the pressure produced by turning the lead screw of 
the v i c e was transmitted d i r e c t l y to the c r y s t a l and f o r 
any given instantaneous pressure above the y i e l d point 
of the c r y s t a l , p l a s t i c flow took place, the value of 
:ure 2b - General view oi" a o o a r a t u p , 
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the s t r e s s on the c r y s t a l was reduced. Thus defor-
mation was not. taking place at constant s t r e s s and 
the value of the s t r e s s recorded was to some extent 
meaningless. I t was considered desirable to con-
st r u c t an apparatus capable of use at high tempera-
tures^ and although the s t r a i n gauges and the Blarco 
Resin remained us e f u l to 200°C they were c l e a r l y not 
suitable at temperatures much above that. 
4.4 THE- THIRD 3TBESS APPAHATIJS 
Ebr the reasons outlined above t t was considered 
imperative to construct a t h i r d version of the s t r e s s 
apparatus. The f i n a l form I s shown I n f i g . 25 and 
also on the l e f t i n f i g . 2:6. A v i c e was again used 
to provide the s t r e s s but. I n t h i s case a powerful 
spring was used '•in s e r i e s " with the jaws of the vice 
so that the s t r e s s was applied to the c r y s t a l v i a the 
spring. Since £or any given s t r e s s the actual y i e l d 
of the c r y s t a l was very small^ the actual decrease oif 
s t r e s s due to the inarease i n length of the spring by 
thiff amount, was also very small, and the apparatus was 
almost a constant s t r e s a apparatus. The actual spring 
used had a length of 4.25 cm i n the unstrained state 
and t h i s was decreased to 5.7 cm under a load of 11.2 
c 
~'c:. c 
o 
F i g u r e 27 - The t h i r d s t r e s s apparatus. 
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Kg. When f u l l j r compressed tlie spring had a leng-th 
of 2.2 em and was thus capable of being loaded up 
toD 41.5 Kg;. Puirther loading was of course possible 
but the spring was them f u l l y co3iq)ressed and the 
sisress transmitted d i r e e t l y to the c r y s t a l . 
The small Record vic e that had been used was 
no longer, suitable owing to the increased number of 
componentsr that had to be placed between the jaws, 
and a jr & S machine table vice was purchased. This 
had! iems 3 i n wide by 1 15/16 i n . deep and could take 
work 7i in, long. However a further complication 
arose because the moving jaw of the vice was not 
r i g i d l y guided so that i t would move p a r a l l e l to the 
fi x e d jjaw. I n order to ensure that the s t r e s s was 
applied so as to be always normal to the faces of 
the c r y s t a l some form of guide had to be constructed. 
This pTOblem had not a r i s e n with the previous appara-
tus because no spring was used between the jaws of 
the Record! vice which had been of the normal bench 
type construction (with the moving jaw sliding: i n a 
guide). 
The f i n a l f&rm of the apparatus i s shown i n f i g . 
27, Xt consisted of two s t e e l plates of i i n . thick-
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ness,; t r i a n g u l a r I n shape and separated by three s t e e l 
rods' at the apices of the tri a n g l e e . S i x nuts on the 
rods enabled the separation of the plates to be adjus-
ted so t h a t the upper plate could be aligned p a r a l l e l 
to the lowers A massive s t e e l cylinder was attached 
to the uppex' pla t e , and a ^ l i i . hole waff reamed out 
through the cylinder and the plate I n a direction along 
the a x i s of the cylinder and normal to the plate. A 
s t e e l rod was turned to a diameter o f -| I n . so as to be 
a smooth slidjaag' f i t through the cylinder. The e l e c -
trode assembly consisted of a birass electrode screwed to 
a sindanyo d i s c i I n , thick (to p)rovide both theimal 
emA e l e c t r i c a l Insulation) and the disc was I n turn 
screwed to the s t e e l plunger previously described. A 
s t e e l plate turned to a diameter equal to that of the 
spring^ was attached to the s t e e l plunger and provided 
a bearing: surfiace f o r the application of s t r e s s by the 
spring:. 
Il^ie dexlon framework that had been used, to support 
the second s t r e s s apparatus was not completely s a t i s -
f a c t ory. I t was fO\md that any chance mechanical 
vlferation, e.g. a knock,, doo)r slamming, etc. caused a 
spurious microphonic response I n the electrometer valve 
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c i r c u i t . r t was decided therefore to make the me-
chanical nK5unting arrangement more r i g i d by attaching 
•taie v i c e to the w a l l of the room. A: piece of timber 
1 i n , t h i c k was attached by Hawlpluge- to the brick wall 
of the room and a sheet of aluminium was placed over 
the surface of the board, amd the vice screwed down on 
top of t h i s , A heating^ c o i l s i m i l a r to that described 
f o r the second s t r e s s apparatus was used but i t was de-
cided' to replace the g l a s s former by one turned out of 
gunmietal since temperatures near to the- softeninff point 
of^ g l a s s were to be used. The heating; c o l l was attached 
to an aluminium s t r i p which was i n tum connected to a 
elamp running on a s t e e l rod mounted i n a v e r t i c a l plane 
to the l e f t of the s t r e s s apparatus. The heating c o i l 
couldi therefore be e a s i l y adjusted to any convenient 
po s i t i o n , OSaie l e a d s to the c o i l were connected to a two-
pole two-way tumbler switch mounted at the base of the 
apparatus. T h i s enabled the winding of the c o i l to 
be connected to earth or to the supply from the regavolt. 
The former position was used when e l e c t r i c a l measurements 
were a c t u a l l y being taken. 
In order to) measure the temperature of the c r y s t a l 
a copper-constantin theimojunction was used as previously 
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described f o r the second s t r e s s apparatus, and was 
inseirted I n a. small hole d r i l l e d i n the side of the 
upper "baea&B electrode so as to be a s near as possible 
to the coastal. The thermocouple wires were brought 
out to a second two-pole two-way tumbler switch mounted 
a t the ba«e of the apparatus. This switiah enabled 
the leads to be connected e i t h e r to the potentiometer 
measuring c i r c u i t or to the upper electrode when el e c -
t r i c a l measureaients were a c t u a l l y being taken - the 
clroxilt f s shown i n f i g . 2:4. The precaution was not 
a s important i n t h i s case but some e l e c t r i c a l pick up 
did occur on the highest s e n s i t i v i t y ranges of the d.c. 
a m p l i f i e r . To. operation the apparatus was covered by 
a box of sheet alumlniumi I n order to reduce e l e c t r i c a l 
pick up from external sources. The screen I s shown 
I n the lower l e f t hand comer of f i g . 26, The v i c e 
and the whole of the s c r e a i i n g were connected to an 
earth formed by a copper plate i n the ground outside 
the room. 
While the potential to be applied to the c r y s t a l 
was connected v i a the switching c i r c u i t to the upper 
br a s s electrode, the lower brass electrode was connec-
ted to the g r i d of the electromieter valve. A p l a t -
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foim was attached to the w a l l so that the head u n i t 
of the d.Ci. a m p l i f i e r could be placed close to the 
s t r e s s apparatus. To do t h i s a hole had to be cut 
i n the side of the alumlnlumi screening box and the 
i n s u l a t e d connecticn to the g r i d of the electrometer 
valve projected through t h i s hole. The lower 
birass electrode was supported on a disc of fused 
quartz 1 i n , i n diam. and 6,5 mm thick. The r e s i s -
tance of the quartz a t room temperature was greater 
than 10^^ ohm ram so that i t provided adequate ele c -
t r i c a l i n s u l a t i o n . I t was also f a i r l y strong me-
ch a n i c a l l y and no f r a c t u r e s were experienced although 
s t r e s s e s up to 100 Kg/cm on the c r y s t a l were applied. 
The c a l i b r a t i o n of the sprling has already been 
described. When i n s e r t i n g a c r y s t a l specimen between 
the electrodes' I t was foxind necessary to give a few 
h a l f tums to the lead screw of the v i c e to hold the 
specimen i n position. I t was then possible to apply 
about 18 h a l f tums of the screw before^ the spring be-
came f u l l y compressed, A h a l f tum of the screw was 
adopted a s the u n i t of incremental increase of s t r e s s 
and was found by c a l i b r a t i o n to correspond to a s t r e s s 
increment of 2,15 Kg, The i n i t i a l load applied to 
75. 
hold the c r y s t a l i n place was therefore 2.15 Kg and 
then 18 h a l f tuisis of the lead screw brought the 
t o t a l load to 41.5 Kg. 
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5. THE DfVESTISATION OF THE PROPEBTIES OF SODIUM 
CHLORIDE CRYSTALS CONTAININg MANgAKESE 
5.1 INTRODUCTION 
^perlments were c a r r i e d out at King's College, 
Newcastle under the d l r e c t i o B i of Dr. B.E^. Schneider 
on the measurement of the parsHaagnetic resonance ab-
sorption spectrum of sodium chloride c r y s t a l s con-
tai n i n g manganese. At the same time I n Duiham the 
conductivity and o p t i c a l absorption of these c r y s t a l s 
were studied. The: author was responsible f o r the 
growth of the sodium chloride c r y s t a l s containing 
manganese,, f o r the a n a l y s i s of t h e i r manganese con-
tent and i t s d i s t r i b u t i o n , and f o r the measurements 
of t h e i r l o n i e conductivity. 
I t was hoped to use the paramagnetic resonance 
absorption of manganese to investigate the c r y s t a l l i n e 
f i e l d i n the neighbourhood of the manganese Ion when 
I t i s added to io n i c c r y s t a l s as an impurity, and thus 
give d i r e c t information about, the nature of the Imper-
f e c t i o n s i n the c r y s t a l . I t was also proposed to 
use the measurements of conductivity and op t i c a l ab-
sorption on specimens taken from the same c r y s t a l to 
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give additional evidence of the i n t e r n a l structure of 
the specimens. 
5.2' GROWTH OF CJRYSTALS 
Cr y s t a l s were grown from, Analar sodium; chloride 
with the addition of various amounts of iinalar mangan-
ese chloride (MnCl^) a» already described i n sec, 2,6. 
The percentage of manganese present i n the melt was 
found to be of the order of twenty times that present 
i n the r e s u l t i n g c r y s t a l drawn from the melt. However 
i t was found t h a t the manganese present i n the melt de-
composed with time with the formation of black manganese 
dioxide. This precipitate adhered to the sides of the 
beaker and also gathered i n a l a y e r a t the bottom of 
the beaker. Brom any one melt, therefore, i t was foiind 
that the percentage of manganese present i n successively 
drawn c r y s t a l s f e l l s t e a d i l y owing to t h i s decomposition 
of the manganese i n the melt. A: s e r i e s of c r y s t a l s were 
grown having manganese contents up to a mole ratio -Mn/ 
NaCl of approx. 5 x; 10"^« Those having a mole ratio 
mxQh above 1 x 10"^ were found to be cloudy and those at 
a r a t i o of 5 x lO"^ almost opaque. The manganese was 
c l e a r l y present as c o l l o i d a l aggregates at these concen-
""/N ,CI 
Z 3 
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F i g u r e 28 - D i s t r i b u t i o n of manganese down a c r y s t a l , 
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t r a t l o n s and not present only at the i o n i c l a t t i c e 
s i t e s . The c r y s t a l with the greatest concentration 
of nmnganese used I n these experiments was one with a 
mole r a t i o Mn/NaCl of 1.1 x 10~^. 
The d i s t r i b u t i o n of manganese i n the c r y s t a l was 
also determined and the r e s u l t s are shown I n f i g . 28. 
l i v e R l i c e s were cleaved a t differen t l e v e l s i n the 
single c r y s t a l and the manganese content analysed f o r 
each s l i c e . The graph, shows that the manganese con-
t e n t i n c r e a s e s with distance from the seed I n a manner 
comparable with the r e s u l t s found by Kelting and TTItt 
(1949) f o r the d i s t r i b u t i o n of calcium I n sodium 
chloride. 
The technique was developed f o r the determination 
of the amount of manganese present i n c r y s t a l s of sodiumi 
chloride. The method used was one given o r i g i n a l l y by 
Wlllard and Greathouse (1917)» and consisted e s s e n t i a l l y 
i n the conversion of a l l manganese to permanganate and 
estimation by colourlmetric means. 
A sample weighing approx. 1 g of sodium chloride 
containing manganese was boiled with 5 ml of concentra-
ted sulphuric acid I n a, fume cupboard u n t i l a l l the 
chloride had b e ^ driven o f f as lyrdrogen chloride. 1 ml 
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of concentrated phosphoric a c i d was then added and the 
solution diluted to 10 ml with d i s t i l l e d water. While 
waxmi 0.2 g of potassium periodate was added, and the 
solution was allowed to stand. The pink colour of 
the permanganate gradually appeared on standing and 
when cool the solution was made up to 25 ml i n a gradu-
ated f l a s k . The amoimt of manganese present was 
determined by measuring the? absorption of t h i s f i n a l 
solution at a wavelength of 5250 X i n a Unicam SF 600 
spectrophotometer which read the o p t i c a l density d i -
r e c t l y , A preliminary c a l i b r a t i o n experiment was 
f i r s t made - the o p t i c a l d e n s i t i e s of solutions of 
potassium permanganate of known concentrations were 
dete^^rmined and a c a l i b r a t i o n graph was drawn r e l a t i n g 
o p t i c a l density to manganese p r e s s i t irt mg per 25 ml 
of solution, Wrcm t h i s graph i t was possible to 
read o f f d i r e c t l y the number oX mg of manganese 
present i n any solution. The method! was foimd to be 
s e n s i t i v e to 0.005 mg i n 25 ml and since a 1 g sample 
of sodium chloride was generally used I t gave mangan-
ese present to 3> p a r t s / m i l l ion, 
5.3 COJTDITCTIV-ITY MEASUHEaSHEHTS 
Co l l o i d a l graphite electrodes were painted on to 
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specimeirs clea^red from the m r i o u s c r y s t a l s grown. 
The usual eXze o f specimen f o r the oonducstlvlty 
measurements was approx. 1,0 x 1.0 x 0.5 cm. The 
measurements were c a r r i e d out i n the o r i g i n a l s t r e s s 
apparatus with n i c k e l electrodes and the s i l i c a rod 
system dismantled. A nominal load of 1 Kg was used 
to keep the c r y s t a l i n place. The. conductivity was 
measured oiirer a range of temperatures from 80 - 250°C 
using both the impedance conTPerter and the cathode 
follower, the former at the low temperature end of 
the range and the l a t t e r f o r the higher conductivities 
at. the high temperatures. A potential of 120 T was 
applied to the c r y s t a l i n a l l cases and readings were 
taken also with the sign of the potential reversed. 
The temperature of the furnace was maintained hy the 
e l e c t r o n i c teii5)erature c o n t r o l l e r already described 
and was measured by a mercury-in-glass thermometer. 
Jm taking measurements the current to the fumace 
winding had to be switched off and the winding connec-
ted to earth. This was necessary otherwise the a.c. 
pi<dc-up became serious and masked the actual conduction 
current. This d i f f i c u l t y was not serious as the fur-
nace temperature dropped only slowly with time and con-
SmmpU 
A 
B 
C 
Molt ftaH* »m/H»Cl » 10 
O 
383 
10^6 
Figure 29 V a r i a t i o n of c o n d u c t i v i t y w i t h temperature f o r c r y s t a l s of sodium c h l o r i d e c o n t a i n i n g manganese, 
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V a r i a t i o n of c o n d u c t i v i t y w i t h tem^Derature f o r 
auenched and annealed FaClAln crystalSo 
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du£S:tivlty readings could be taken i n l e s s time than the 
furnace, toak to drop I'^C in temperature, 
Ths in i t i e p l conductivity iiamediately a f t e r applying 
the p o t e n t i a l , and the terminal conductivity were ob-
tained i n each case. l i g . 29 shows the log of the 
i n i t i a l condiictivity plotted against the reciprocal of 
the tenQ)erature far the: range 80 - 230°C for three speoi-
mesLB containing 0„ 382 and 1096 x 10"^ mole r a t i o Mn/NaCl. 
The l i n e C has heeaa. r a i s e d s l i g h t l y to give c l a r i t y , 
Thie s p e c i f i c conductivities of the three specimens A, 
B and C were 6.57 x lO"-'--'-, 1.21 x 10"-'"° and 1.2:5 x 10'-^° 
ohm^ e^mT"^  at. 127^0, JThe a c t i v a t i o n energies ealculate;d 
from: the slopes; of the curves were 0,98, 0.96 and 0.92 
eV reispectively. F i g . 50 shows the log of the i n i t i a l 
conductivity plotted against temperature i n the same way 
f o r two specimens,, the l i n e A r e f e r s to a specimen that 
had been quenched, l i n e B" (which has been raised f o r 
c l a r i t y ) i s the same specim^i tested a f t e r annealing at 
360^0" f o r 12! hours. l i n a l l y the. curve; C i s a d i f f e r ^ 
ent specimen from the same c r y s t a l which has therefore 
only b e ^ cooled from 600°C at the rate of one degree 
per minute. The a c t i v a t i o n energies obtained from 
these three lines-were 1.01, 0.98 and 0.92 eT, and the 
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s p e c i f i c conductivities a t a temperature of 127°(J were 
13.6f, 9.4 and 12.5 x: lo'"^ "^  ohm"''"cm~^  respectively. 
Thiese f i g u r e s show that the s p e c i f i c conductivity at 
127°C s l i g h t l y increases on quenching and f a l l s on 
annealing the quenched specimen. The activation 
energy i s also greater i n the quenched than i n ei t h e r 
the normally annealed specimen or the quenched and 
annealed^ specimen. Experiments on a second c r y s t a l 
containing 382 x 10~^ mole rat i o Mh/lfaCl, showed that 
on annealing c r y s t a l s containing manganese at dOO^ CT 
tiie manganese tended to come out of the c r y s t a l and 
form a l a y e r (possibly of manganese dioxide) on the 
surface. This had a much higher conductivity and 
unless t h i s surface l a y e r was cleaved off. the measured 
conductivity was too high. This phenomenon was detec-
ted f o r the f i r s t time with t h i s cjgrstal. 
benching was ca r r i e d out by heating the specimen 
i n a furnace to a tempei?ature of 300 - 360°a, and then 
removing i t from the fumace and allowing i t to cool to 
room temperature i n the a i r supporting i t by some insu-
l a t o r such as an asbestos mat. Since the specimens 
were quite small the cooling took place i n a few 
minutes and the specimen often cracked owing to the 
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t h e m al s t r a i n s set up. However i t was possible to 
obtain some specimens which were f r e e from cracks and 
suitable f o r further conctuctivity measurements. 
5»4 DlSCPSglOir OF THE COKJUCTIVITY HBSULTS 
A complete discussion of the r e s u l t s of the pTo-
gramme of work c a r r i e d out both a t Durham and Newcastle 
on sodium chloride c r y s t a l s containing^ manganese i s 
given i n the paper by Schneider and aaffyn (1955). The 
m£dii coHelusions d i r e c t l y applicable to the conductivity 
meaairements are given below.. 
TWOJ models were proposed to describe the d i s t r i -
bution of the manganese i n the quenched and slowly 
eool©i state of the sodium chlojjKLde c r y s t a l . Da the 
f i r s t ease (model A) the manganese i n the c r y s t a l that 
has been slowly cooled has formed aggregates or c l u s t e r s 
together with some of tbe associated p a s i t i v e ion 
vacancies. The manganese i n these c l u s t e r s i s s t i l l 
held i n s o l i d solution but i n a much higher concentra-
tion of manganese. On heating the specimen to 300°C 
the c l u s t e r s would be broken up by thermal activation 
and on quenching a more uniform d i s t r i b u t i o n of the 
manganese would be frozen i n . The positive ion 
vacancies would probably be s i m i l a r l y distributed around 
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the manganese Ions, although i f t h i r were so the quen-
ching process should not lead to an increased conduc-
t i v i t y * On the other hand i f more positive ions are 
trapped at the manganese c l u s t e r s i n the slowly cooled 
c r y s t a l then heating would f r e e them,, and t h i s would 
attcount f b r the increased conductivity. The r e s u l t s 
show that the a c t i v a t i o n energy i s greater i n the 
quenched than i n the unquenched c r y s t a l s . The reverse 
would i n f a c t be expected i f the manganese and the 
p o s i t i v e ion vacancies were tiedi up i n the c l u s t e r i n 
the slowly cooled c r y s t a l . 
A l t e r n a t i v e l y the manganese i n the slowly cooled 
specimen cam be considered as deposited close to or 
at. i n t e r n a l boundaries (model B ) . The quenched state 
would be the same as f o r model A i f the manganese ions 
were completely removed from the i n t e r n a l boundaries 
by heating. The higher a c t i v a t i o n energy i n the 
quenched state could be explained by t h i s model i f the 
manganese ions which are distributed throughout the 
c r y s t a l were associated, with positive ion vacancies 
freed from the i n t e r n a l boundaries by heating. 
The iiicreased conductivity with increased manganese 
impurity i s explained by model B as due to the increased 
numiher of p o s i t i v e ion vacancies which, though associated 
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with a manganese ion at an i n t e r n a l bxjundary, may be 
freed to take part i n the conduction. B t z e l and 
Maurer (1950) have observed an increased conductivity 
on quenching: a)dium. chloride c r y s t a l s containing cad-
mium impurity and t h i s could be explained i n a s i m i l a r 
way. Cunnell and Schneider (1954) have carried out 
experimemtB on the l o n l e conductivity of pure and 
mixed a l k a l i harlide c r y s t a l s which indicated an aggre-
gation of p o s i t i v e Ion vacancies at i n t e r n a l boundaries, 
6.. PHEIilMIHAHr WORK OF THE MEC5iAgICAL 33EFOBMATION 
OF SODIUM CHIORIKE CRYSTALS 
£.1 USIHg THE BTRST STRESS APPARATUS 
Attempts were made to detect any conductivity 
change taking place on p l a s t i c : defdrmation of sodium 
chloride c r y s t a l s u s i n g the f i r s t s t r e s s apparatus. 
The cirystal was Sn the form of a cube o f side approx. 
1 am and was cleaved from single c r y s t a l s of sodium 
chloride grown at Durham. Both graphite and alumin-
ium eleetrode^r were used. ©le upper surface of the 
c r y s t a l was connected to the g r i d of the electrometer 
valve i n the head u n i t and a potential of 120 T was 
applied: to the lower electrode of the c r y s t a l . 
The general experimental procedure was to i n s e r t 
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the (»ystal betweai the n i c k e l d i s c s and to hold i t 
i n place by a load of 1 Kg, on the hanging system, 
the s i l i c a rod arrangement to measure s t r a i n not 
being: used. Thte tei ^ e r a t u r e i n the fumace was 
then bo^ou^t up to the required value f o r the ^ p e r -
imettt using- the temperature c o n t r o l l e r previously 
SiBScrlbed. Moist of the experiments were carried 
out a t approx. lOO^ C^T since t h i s was tbe lowest tem-
perature at. which i t . could be c e r t a i n that water was 
not present on the surfiaces of the crystal,, causing 
a spuriously high surfiace conductivity to be measured. 
The p o t e n t i a l was applied to the c r y s t a l and the con-
d u c t i v i t y m.easured by v i s u a l observation of the de-
f l e c t i o n of the spot on the screen of the cathode ray 
oscilloscope, using an appropriate value of g r i d leak 
r e s i s t a n c e f o r the? electrometer valve and also ad;Just-
ing the gain o f the d.c. aaqplifier i n tbe oscilloscope. 
During the actual measurement of conductivity the fur-
nace was switched off and the b ^ t e r winding earthed. 
Wiam^ the conductivity had been dLetermined the sensi-
t i v i t i e s of the electrometer valve c i r c u i t and d.c. 
a m p l i f i e r were' adjusted u n t i l the conductivity was 
represented by a small deflection from zero on the 
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cathodie ray tube. under these conditions any large 
increases of conductivity should: have been c l e a r l y 
v i s i b l e . r e i g h t s were now added to the 1 kg a l -
ready on the hanging e^rstem and the' new s t r e s s was 
then applied gradually by means of the r i s i n g table. 
As the conductivity measurements eouldi not be made 
while the new load was being applied there was some 
delay before any conductivity change could be detected, 
a f t e r the a p p l i c a t i o n of s t r e s s . Biere was a further 
d i f f i c u l t y with the apparatus - the hanging- system 
tended to sway somewhat when released from the 
r i s i n g table. This o s c i l l a t i o n a l t e r e d the capaci-
tance of the grid c i r c u i t of the electromjeter valve 
and was represented as an a l t e m a t i n g signal on the 
screen o f the (J.E.O, I t was necessary to steady the 
hanging; parts and t h i s further increased, the time delay 
before being able to detect any conductivity change. 
Experiments as described were repeated on various 
samples of sodium: chloride grown at Durham and stresses 
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up to about 25 Kg/cm were used. Even when using 
s t r e s s increments as high a s 10 Kg/cm no s i g n i f i c a n t 
conductivity change could be detected i n any of the 
specimens. I t was concluded that i f any conductivity 
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9hange were taking place I t . was: doing so i n a time 
smaller than the time required f o r the measurement of 
conductivity a f t e r the application of s t r e s s . I t was 
decided therefore to proceed with an apparatus capable 
of retsording conductivity change within the shortest 
possible time of the application of s t r e s s to the c r y s t a l . 
&.2 US'HTS THE SECOND STRESS APPARATUS 
A s e r i e s o f experiments were c a r r i e d out on Durham 
sodium chloride c r y s t a l s using the second s t r e s s appara-
tus. V i a i a l observations were not r e l i e d upon but 
instead the tra c e om the screen of the cathode: ray tube 
was photographed. For this: reason the oscilloscope 
was adjusted to operate on single sweep with a t r a n s i t 
time across the sereaa of 1 sec. 
The experimental procedure was as follows. The 
c r y s t a l was usually about. 1.0 x l . O xO.5 cm i n size 
and opposite; faces were roughened: with emery paper and 
coated with col o i d a l graphite. The c r y s t a l was placed 
betweoi the metal electrodfes and the screw of the vice 
tightened s u f f i c i e n t l y to keep i t i n place. The heat-
ing c o l l was then switched on and the ten^erature of 
the c r y s t a l allowed to r i s e to over 100°a. The temper-
ature was then allowed to f a l l to) near room temperature 
Figure 3 1 - F i l m taken on Durham sodium c h l o r i d e , 
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( a c t u a l l y about 30^C) and measurements taken. Da 
the f i r s t s e r i e s of experiments no attempt was made 
to take the measurements at any precise value of 
ten^erature but only over a broad range around 30°C. 
Provided that the measurements were taken not too 
long a f t e r the temperature had f a l l e n to t h i s value 
no trouble was experienced from the deposition of 
water on the c r y s t a l surface, although ultimately 
t h i s took place, giving r i s e to a high surface con-
d u c t l v i t y * A conductivity measurement consisted of 
the operations of opening the shutter of the camera, 
applying the p o t e n t i a l to -aie c r y s t a l ( t h i s switch 
also started tbe svteep of the spot, across the screen), 
applying s t r e s s to the c r y s t a l by giving the screw 
of the v i c e a given rotation, closing tbe camera 
shutter and then disconnecting the potential from the 
c r y s t a l ( a l s o at. the rame time r e - s e t t i n g the time 
base). 
A s e r i e s of t y p i c a l exposures taken i n t h i s way 
i s ediown i n f i g , 31 • I t should, be noted that the 
f i r s t of the exposures was taken without the applica-
t i o n of s t r e s s to the c r y s t a l . The curve shows the 
d i s t i n c t i o n between the i n i t i a l and the permanent con-
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dttctivity. On ap p l i c a t i o n of the potential the spot 
d e f l e c t s instantaneously to a value (upwards i n the 
figure) which represents the i n i t i a l conductivity ©f 
the c i y s t a l . The current through the c r y s t a l then 
decays and the trace on the screen i s ! seen to be 
approaching a f i n a l steady value - the permanent con-
d u c t i v i t y . On the photographs taken, since the sweep 
time was only 1 see. this; f i n a l conductivity value wae 
never reached but i t was quite easy to determine by 
v i s u a l observatiwai of the spot on the screen a f t e r a 
s u f f i c i e n t l y long time, say one minute, had elapsed 
a f t e r the application of potential to the c r y s t a l . 
The p o l a r i s a t i o n ph^omena was also found on removing 
the p o t e n t i a l from, the c r y s t a l . The spot then de-
f l e c t e d to a point above the zero trace l i n e and slowly 
decayed with time to the zero position. 
ThB t h i r d of the photographs shown i n f i g . 31 was 
taken u s i n g the same specimen a s f o r the, f i r s t photo-
graph under I d e n t i c a l conditions except that t h i s time 
a s t r e s s was applied to the c r y s t a l . The; actual 
time of application of s t r e s s was not accurately known 
but i t was presumably applied at the time when the e l e c -
t r i c a l e f f e c t ( i . e . the deflections of the spot, on the 
screen) f i r s t appeared. Y i s u a l observations confirmed 
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t h i s to be so as f a r a'S could be judged by eye. As 
w i l l be s e ^ ' from the: figure there was an I r r e g u l a r 
d e f l e c t i o n of the spot. This could have been due 
to an increase i n the conductivity of the c r y s t a l but 
i t w i l l b» seen that at times the deflectiom of the 
spot was below the zero trace l i n e . I t was im-
poissible to account f o r the whole of the deflection 
by a conductivity increase since a deflection below 
the zero l i n e could only be attributed to a negative 
conductivity. I t was thought that the effect might 
be due I n part to a p i e z o e l e c t r i c potential appearing 
at the surface of the quartz i n s u l a t o r under pressure 
and an experiment was c a r r i e d out to t e s t t h i s hypo-
thesis:. 
A piece of metal f o i l was attached to the grid 
of the electrometer valve and was placed between two 
quartz d i s c s held between the jaws of the vice. The 
screw of the v i c e was rotated and an attempt was made 
to record any disturbance appearing at the g r i d of 
the electrometer valve while s t r e s s was being applied. 
IToj such p o t e n t i a l could be detected and I t was conclu-
ded that the previous potential effect a)riginated 
within the sodiumi ehloilde c r y s t a l i t s e l f . 
There was a ve;ry convenient method available f o r 
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distinguishing between a deflection due to a conduc-
t i v i t y change and one due to the appearance of a 
po t e n t i a l at the surface of the c r y s t a l . If. an ex-
periment was c a r r i e d out without the application of a 
po t e n t i a l to tbe c r y s t a l then any deflections must be 
due to the development of a potential at the c r y s t a l 
surface and changes i n conductivity would not be i n -
dicated. The experimental procedure was adopted 
therefore of taking a s e r i e s of photogdpaphs with a po-
t e n t i a l applied to the c r y s t a l only on successive ex-
posures. By comparison of a p a i r of photographs, 
one with and one without the application of a high 
po t e n t i a l , i t was possible to distinguish potential 
e f f e c t s (common to both photographs) and changes i n 
conductivity (only apparent on the photograpb where a 
po t e n t i a l had been applied to the c r y s t a l ) . 
m o;rder to t e s t whether the potential effect 
was due i n some way to the graphite electrodes the 
experiment was repeated with fiTelton l i q u i d s i l v e r 
electrodes. The c r y s t a l surfaces were roughened, 
the s i l v e r paint was applied and the c r y s t a l was 
heated i n a fumace at 600*^C. Pr e c i s e l y s i m i l a r 
e f f e c t s were observed as f o r c r y s t a l s having graphite 
electrodes. 
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So f a r ixL a l l experiments- on the potential effect, 
s t r e s s had b«en applied to the c r y s t a l normal to the 
eleatrodie coating© on the c r y s t a l surface. An ex-
perijaent WBLB demised therefore to see i f there was any 
change i n the potential effect isihen there was no direct 
s t r e s s on the electrodes of the c r y s t a l . Liquid 
silVCT electirodes were applied to a c r y s t a l and when 
the eleetrodes had l»een formed by f i r i n g , thin copper 
wires were soldiered to these electrodes. I l l painting 
on the eleetrodes care wa& taken to see that the edges 
of the ©ilvered surface did not reach quite up to the 
edge of the c r y s t a l face. The c i ^ s t a l was then 
placed! i n the s t r e s s apparatus with the plane of the 
electrodes i n the d i r e c t i o n of the l i n e of application 
of s t r e s s . The two aluminium cylinders of the s t r e s s 
apparatus were thus i n contact with two unsilrered 
surfaces of the c r y s t a l . The two electrodes on the 
c r y s t a l were then connected by means of the attached 
copper wires, one to the g r i d of the electrometer 
vialwe and the other to the potential switching c i r c u i t . 
P r e s s e s were then applied to the cogrstal and poten-
t i a l e f f e c t s were found, thus showing that the poten-
t i a l e f f e c t did not depend on the direct application 
of s t r e s s through the electrodes of the c r y s t a l . 
F i g u r e 32 - F i l m taken on Harshaw sodium c h l o r i d e , 
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Bt a i l i tke e^eriments described above the 
material used was sadiiim ehlorlde girown as single 
c r y s t a l s from the melt at Durham. ] ^ a comparison 
of photographs taken on a number of c r y s t a l s using 
euGcessire s t r e s s tnerements and a l t e m a t e applica-
t i o n of a potential i t was found that most of the 
e f f e c t s could bee aiscidbed to the developmient of a 
potential,, and that there was no evidence to confirm 
m& change of conductivity fbund i n sodium chloride 
by previous workers. T h i s was somiewhat surprising 
and i t was decided to carry out experiments on single 
c r y s t a l s of sodium chloride from, other sources. A" 
single c r y s t a l of sodium chloride grown by the Harshaw 
Chanical Co. of ionerica became available at t h i s time 
and some preliminary^ e^eriments were made using t h i s 
m a terial. 
Kcperiments were performed i n a s i m i l a r way to 
those on Durham sodiumi chloride. 2ig. 32 shows a 
t y p i c a l experimental record using a Harshaw c r y s t a l . 
The: specimien was maintained at a temperature of 140°cr 
and the cathode follower head unit was used with an 
input resistance of 10^ ohms. a!he f i r s t and t h i r d 
exposures on the f i l m were taken with the application 
of a p o t e n t i a l to the c r y s t a l , and the second and fourth 
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without the application of potential. A l l four 
expasures were taken with as= f a r as possible equal 
increasing iiicrements of s t r e s s . I t was not easy 
to judge t h i s with the e x i s t i n g apparatus, such equal 
s t r e s s increments being a matter of judgment of the 
degree of resistance encountered i n rotating the screw 
of the v i c e . However a number of filmff of t h i s type 
were taken and i t was always possible to detect 
d i f f e r e n c e s between those exposures where a potential 
had been applied to the c r y s t a l and those without, 
m a l l cases there was c l e a r evidence of a conduc-
t i v i t y , change (the upward deflection of the spot was 
i n the correct sense f o r a conductivity i n c r e a s e ) . 
The fourth exposure i n f i g . 32 shows the appearance 
of a potential e f f e c t though s l i g h t i n magnitude i n 
t h i s case. The actual value of the conductivity of 
the c r y s t a l can b^ e seen on the f i r s t and t h i r d photo-
graphs a s the difference betweeai the zero l e v e l trace 
(las indicated by the dark spot a t the l e f t before the 
sweep across the screen was sta^rted) and the actual 
t r a c e before the conductivity increase on deformation 
appeared. 
Experiments were also performed on Harshaw crys-
F i g u r e 33 - F i l m t a k s n on Harshaw sodium c h l o r i d e , 
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t a l s using the electrometer valve and amplifier, and 
consequently with a mudi l a r g e r value of the input re-
sis t a n c e . Mg. 33 i s an experimiental reco)rd with a 
g r i d lead of 10^^ ohms and the c r y s t a l at a tempera-
ture of 8$°C» There are s i x exposures on the film, 
number® one^ three and f i v e were taken with a potential 
applied to the c r y s t a l and the others without. The 
f i r s t two exposures have been taken without the appli-
ca^tion of stress- to the c r y s t a l but the remaining: four 
exposures were taken with approximately equal incre-
ments of s t r e s s . 'She large conductivity increase 
can be seen i n the thiiTd and f i f t h expomires. The 
maximum! value of the increase i s o f f scale but. an es-
timate of i t s magnitude shows that there i s about a 
f i f t y f o l d increase i n conductivity. On the fourth 
and s i x t h exposures on the f i l m the effect ascribed to 
the d!evelapment of a pa t e n t i a l can be c l e a r l y seen. I t 
i s at times above and below the zero trace l i n e , during 
the application of sti^ess, thus indicating^ a change i n 
sign of the pote n t i a l du3?ing a s t r e s s application. 
Liquid! s i l v e r - eleetrodes were formed on the sides 
of a ffarshaw c r y s t a l and s t r e s s was applied to two other 
opposite faces of the c r y s t a l . The re s u l t i n g experi-
mental record d i f f e r e d very M t t l e from those obtained 
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with s t r e s s applied normal to the electrodes on the 
c r y s t a l . The conductivity increase was quite defin-
i t e and there was also c l e a r evidence of a potential 
e f f e c t . 
At t h i s stage e^eriments with the second s t r e s s 
apparatus were abandoned since i t was decided that a 
more refined apparatus was necessary to investigate 
more p r e c i s e l y the phenomena that had been discovered. 
With the e x i s t i n g apparatus i t was c l e a r that for any 
given s t r e s s aboves the y i e l d point of the c r y s t a l 
p l a s t i c flow would take place and the value of the 
effective; applied s t r e s s would be reduced, m order 
to remove the ambiguity over the nature of the s t r e s s 
applied and i n order to measure i t s value a t h i r d 
s t r e s s apparatus was constructed a s described i n sec, 
4,4, With t h i s apparatus i t was pO)Ssible to apply 
constant s t r e s s e s to the c r y s t a l and i t also enabled 
measurements to be taken over a wider range of temper-
ature than had been possibles before. 
I t w i l l be convenient to describe the remainder 
of the work c a r r i e d out under two headings. In 
chapter- 7 the experiments dealing with the conductiv-
i t y increase and i n chapter 8 those dealing with the 
p o t e n t i a l e f f e c t w i l l be given. The experiments were 
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not i n fiact c arried out i n that o^rder, indeed many ex-
periments could give f a c t s about the two phenomena at 
the same time. 
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7. THE IHCHEASE W CONLgCTIYITY OF SINGLE CBYSTALS OP 
THE ALKALI HALIDES UPON MECHANICAL LEFOEMATION 
7*1 BXPEBIMENTAL ARHANGEMENT 
The s i z e of c r y s t a l used was generally about 
1.1 x: 1.1 x: 0.5 cm and opposite faces were roughened 
with emery paper and painted with c o l l o i d a l graphite 
as previously described. The c r y s t a l under test 
was placed between the lower brass electrode and the 
upper harass plunger of the s t r e s s apparatus. I t was 
l a t e r foirnd advantageous to place discs of cardboard 
between the c r y s t a l and the brass cylinders as t h i s 
reduced the magnitude of the potential e f f e c t . This 
w i l l be described l a t e r i n chapter 8. Di order to 
make e l e c t r i c a l contact the graphite electrodes on the 
c r y s t a l were connected to the brass c y l i n d e r s by thin 
s t r i p s of aluminium f o i l . The s t r e s s was applied to 
the c r y s t a l through the h e l i c a l s t e e l spring; which was 
f u l l y compressed by a force of 41.5^ Kg. I t required 
19 h a l f - t u r n s of the lead screw of the vice before the 
spring was under f u l l compression and therefore each 
h a l f - t u r n corresponded to a force increment of 2.15 Kg, 
o r ec s t r e s s increment of about 2 Kg/cm on a normal 
specimen. S t r e s s could s t i l l be applied to the 
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c r y s t a l once the spring: had been f u l l j r compressed. 
However- the a c t u a l value of the stress- could only be 
very roughly guessed and the loading was subject to; 
the same l i m i t a t i o n s as with the second s t r e s s appara-
tus,, i . e . i t was not taking place a t constant s t r e s s . 
The experiments were carried" out a t various tem-
peratures and the p^rocedure of bTinging- the c r y s t a l 
up to the correct temperature was rathex tedious. 
The heater was switched on u n t i l the c r y s t a l had reached 
the^ required temperature as Indicated by the theimo-
junctlon. At t h i s point the heater was switched off 
and the furnace allowed to cool to the correct tempera-
ture (because o f the thermal l a g the temperature had 
r i s e n s l i g h t l y above the required value). I f the 
furnace was now switched on there was found to be 
another thermal l a g during which the- temperature re-
mained steady ( o r even tended to f a l l ) and immediately 
i t s t a r t e d to r i s e the heater was switched off. 
Measurements were then taJcen and could usually be com-
pleted ^ r i n g : the period of some twenty seconds during 
which time the temperature of the c r y s t a l was steady to 
within 20c of the required value. At high temperatures 
t h i s procedure was not easy to carry out and conductivity 
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measurements had to be effected with some speed i f 
there was not to be a- considerable f a l l of tempera-
ture iM the meantime. 
rt was usual to take a s e r i e s of photographs on 
any one c r y s t a l with s t r e s s increments from the mini-
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mumt to 40 Kg/6m i n h a l f - t u r n s of the screw of the v i c e . 
Alternate exposures were made with, and without a poten-
t i a l applied to the c r y s t a l . order to make 
possible photography of the trace over a longer time 
the single sweep time base: of the cathode ray o s c i l l o -
scope was lengthened to 3 sec by the addition of extra 
external condensers to the time, base c i r c u i t . This 
procedure also had the advantage that i t was not 
necessary to hasten unduly the application of s t r e s s 
to the crysFtal a f t e r the sweep of the time base had been 
sta r t e d . This had i n f a c t beea rather inconvenient 
when the time base had been 1 sec or shorter. 
The^ conductivity (both i n i t i a l saa.6. permanent) of 
the specimen was f i r s t m^easured and the s e n s i t i v i t y of 
the a m p l i f i e r e t c . adjusted u n t i l the conductivity was 
shown as a deflection of a few mm on the screen when a 
p o t e n t i a l o f 120 ¥ waa applied to the c j ^ s t a l . This 
p r a c t i c e was adopted so that large increases i n conduc-
t i v i t y under s t r e s s were s t i l l shown on the screen and 
2 8 JAN 1956 
, 8 E 0 T I 0 l t ^ 
F i g u r e 34 - F i l m taken on Harshaw potassium c h l o r i d e , 
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did not go off sc,ale. 
A t y p i c a l f i l m record i s shown i n f i g . 3 4 and was 
taken with a c r y s t a l of Harshaw potassium chloride at 
a temperature of 132°C. The f i r s t expasure i^ows only 
the i o n i c conductivity of the c r y s t a l i n the absence of 
any applied s t r e s s and with a p o t e n t i a l of 120 ¥ applied. 
S t r e c increments were then applied to the c r y s t a l so 
•that the t o t a l s t r e s s on the c r y s t a l was continually 
increased. Exposures two to seven shows the increased 
conductivity on application of s t r e s s to the c r y s t a l , 
each s t r e s s increment applied during^ the sweep being 
about 2 Kg/cm . No potential was applied to the crys-
t a l f&r exposure number eight though the application of 
s t r e s s increments was s t i l l continued. Thereafter the 
exposures were taken a l t e r n a t e l y with and without the 
ap p l i c a t i o n of a potential to the c r y s t a l . The l a s t 
exposure was taken with the spring at i t s l i m i t of 
compression and the s t r e s s increment here was rather 
l a r g e r than normal. I t w i l l be seen that the poten-
t i a l developed was somewhat l a r g e r than the previous 
values. The increase of conductivity of the c r y s t a l 
shown i n f i g . 5 4 was not large being only some 5 - 1 0 
times the value of the permanent conductivity for a 
s t r e s s increment of about 2 Kg/cm ^* I t was usual to 
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continue the a p p l i c a t i o n of s t r e s s to the c r y s t a l s 
beyond the l i m i t of compression of the spring. The 
s t r e s s Increments were applied as a given small ro-
t a t i o n of the; screw of the vic e and were roughly 
equal I n magnitude although! t h e i r actual value was not 
known. This was p a r t i c u l a r l y necessary with some 
c r y s t a l s where, ab w i l l be seen l a t e r , a conductivity 
increase did not appear at s t r e s s e s below the l i m i t 
of compression of the spring. 
7.2 CONDUCTIVITY MEASUREMENTS 
I t was decided to; make measurements of the conduc-
t i v i t y (both i n i t i a l and permanent) of a l l the c r y s t a l s 
that were examined tor conductivity changes under me-
chanical deformation. This was u s u a l l y perfoimed on 
a separate sample of a given c r y s t a l and was carried 
out at points over a range of temperature. 
The c r y s t a l specimen (of s i m i l a r s i z e to those used 
f o r conductivity change measurements) with graphite 
electrodes applied was placed i n the s t r e s s apparatus 
with only a small applied s t r e s s to hold i t i n place. 
The conductivity was determined at a s e r i e s of temper-
at u r e s over the range 1 0 0 - 3 2 0 ^ 0 and i n each case a 
graph was drawn of log conductivity against I O ^ / T , airhere 
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T was the temperature i n degrees absolute. This 
graph was a straight l i n e i n a l l cases. A. potential 
of 120 V was applied to the c r y s t a l s i n the conduc-
t i v i t y determination, and an appropriate s e n s i t i v i t y 
range of the a m p l i f i e r and suitable value of the input 
resistance of the electrometer valvelasBe used. The 
observations were c a r r i e d out v i s u a l l y and since there 
was a transparent ruled scale a c r o s s the face of the 
cathode ray tube screen i t was possible to note 
accurately the deflection of the spot on the applica-
t i o n of the p o t e n t i a l . I n i t i a l conductivity was 
obtained from the immediate deflection of the spot and 
i 
the permanent conductivity was obtained from, the de-
f l e c t i o n a f t e r allowing a period of about one minute 
to elapse a f t e r the application of potential. 
From the log conductivity against 1 0 % graphs i t 
vras possible to obtain the a c t i v a t i o n energy from the 
slope. The conductivity may be represented by the 
equation 
o = A exp(-E/kT;), 
where o i s the conductivity, A i s a constant, T i s 
the absolute temperature, k i s Boltzmann's constant 
and E" I s - the a c t i v a t i o n energy. The equation gives 
logg & - loge A = -E/I03k . 10 VT, 
S p e c i f i c conduc-
t i v i t y at 10/T : 
2,3. Ohm" cm"" , 
Activation ei 
i n eT. 
Harshaw 2.46 X 10" ^13 1.12 
Tiajrlor, Taylor & Hob son 1.91 X 10-^2 1.10 
Aberdeen 5.65 X 1 0 - ^ 0 0.96 
Durham 2.38 x; 10" •10 1.06 
j 
Hllge-r 4.94 X 10" •12 0.96 
1.43 -12 1.08 Korth X lO" 
Samples of KCl 
Harshaw 4.13 X 10" .14 0.88 
Durham 6.56 X 1 0 - 1 2 0.90 
Hllger 3.01 X 10" •13 0.96 
K l l g e r (with F-centres) 1 . 5 1 x: 10" •11 0.62 
KBr - Hllge r 4.69 X lO" •12 0.79 
Nal - H i l g e r 1.81 X 10" .10 0.43 
KI - Harshaw 2.18 X 10" •13 0.82 
Table 1 - Conductivities and etctlvatlon energies of a l k a l i 
halide c r y s t a l s . 
a r y s t a l 
KCl 
Hilger 
Hilger (coloured) 
Har^aw 
Cozsfiucti-^-ty increase 
(time©) 
f o r a s t r e s s inore^ 
ment o£ 2 Kg/csan o 
Specific: conductiYit: 
before 
fiefozaiation 
60 2 
88 
2 o O 
1 2 
l o l X lO"-*^^ 608 s lO^ -'-" 
2 0 5 3C lO^-"-^ 2 o 2 X 10"^-* 
2 . 4 X 1 0 ^ 4 o 8 X 1 0 
5 o 9 X 1 0 ° - ^ ^ 7 o 4 X lO"-' 
Harshaw KI 7 . 5 3 o 2 X lO"-*-^ 2 o 4 X 1 0 ° - ' 
H i l g e r KBr 
Hi l g e r Nal 
only foundl at high stresseso 
only found a t high st r e s s e s . 
FaCl 
Aberdeen 
Duzham 
Harshaw 
Hilger 
Korth 
OTaylor Hob son 
Fone 
Fone 
Btehpits per em 
5 2 1 0 '^ 
4 X 1 0 ^ 
only foundl at high stresseso 3 0 x 1 0 ' 
Hone 
Bone 
3 x : 1 0 ^ 
3 X 1 0 ^ 
13" X 1 0 ^ 
E a b l s 2 •= Th® coa^ioti-rtty increase f o r -s-arious^ samples of 
a l k a l i halideso 
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aaid lience the slope of the^ graph should be 
-B/lO^k 
with an appropriate correction since a graph of log^^ d 
was i n f a c t plotted. The value of k can e a s i l y be 
c o n ^ r t e d to gt-^ B i n eV. 
Glondueti-wity determination were c a r r i e d out on a 
wide range of samples of; a l k a l i halidies and the r e s u l t s 
of the condlucstivity measurements (including, activation 
energies) are given i n table 1, 
7.3 !EHE CONDUCTIYITY IHCHEASE 
A large number o f samples of a l k a l i halides were 
ohtained from various sources^ and experiments were 
ca r r i e d out to f i n d i f they showed an increase i n the 
conductivity on mechanical defbrmation. OJhe follow-
ing c r y s t a l s were examined! from Messrs, Hilger Ltd, 
KCl, NaCl, KBr, Nal, and KCl which had been coloured 
by the presence of i«-centres introduced by heating with 
exeeise of the a l k a l i metal; from, the Harshaw Chemical 
Go»f Naei, KCl and KI; from iOaerdeen University, NaClj 
fromi Dr. Eorfeh. of K i e l , NaClj fromi HTessrs. !Ila,ylor„ 
Taylo r and Hob son „ KaCl; NaCl and KCl grown at Duriaam. 
The r e s u l t s of the m^surements car r i e d out on the 
above c r y s t a l s are summarised i n table 2. I t w i l l be 
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notteed that a l l the samples- of potassium chloride 
examined ediowed c l e a r evidence of a conductivity 
change foir s t r e s s e s above the: yield' point. Of the 
c r y s t a l s examined Harshaw and Hilge r potassium 
chloride showed t h i s conductivity change to a s t r i -
king degree, changes i n conductivity ot a hundredfold 
being e a s i l y obtainable. 
The? sample of Harshaw potassium iodide also 
showed the conductivity change quite c l e a r l y at low 
s t r e s s e s but with the samples of Hilger potassium 
biHDmide; and sodium iodide the position was not quite 
so c l e a r . I t was found, with t h l e crystal, that the 
eondfcictivity change could not b« detected with the 
2 
s t r e s s increments of 2 Kg/an applied up) to the l i m i t 
of about 40 Kg/cm . The jr i e l d s t r e s s for so)dium 
2 
chloride i s about 10 Zg/em and was probably not very 
d i f f e r e n t for.- t h i s c r y s t a l . I f the c r y s t a l was 
2 
stressed above the l i m i t of 40 Kg/em the conduc-
t i v i t y (diange did appear a l t h o u ^ the s t r e s s Increments 
were l a r g e r than had been applied during the compre-
ssion of the spring i n the s t r e s s apparatus. I t 
seems that the difference between the phenomena i n 
Hilger potassium bromide and sodium iodide and other 
c r y s t a l s i s one of magnitude and the increased con-
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d u c t i v i t y can only fee detected when- a much greater 
amount of p l a s t i c flow takes place i n the c r y s t a l . 
The results; with samples of sodium chloride 
were' very s u r p r i s i n g since only with one c r y s t a l 
could a conductivity increase be detected. This 
occurred with Harshaw sodium chloride and then only 
at s t r e s s e s greater than the compression l i m i t of 
the sprfiig. The c r y s t a l behaved i n a very s i m i l a r 
way to^ the; e i y s t a l of potassium bjromide j u s t described. 
Har a l l the other samples of sodium chloride no conduc-
t i v i t y change eould be observed. r t was possible 
with the e L e c t r i e a l apparatus to record a change of 
10?^ i n the conductivity but no such increase was found. 
When i n f a c t increases of the order of 10,000?^ had Been 
detected, t h i s seemed to be a very reasonable l i m i t of 
s e n s i t i v i t y f o r the detection of the phenomena. The 
a p p l i c a t i o n of s t r e s s to> the c r y s t a l was carried out 
almost to the point of destruction. Many c r y s t a l s 
developed a large number of i n t e r n a l cracks and they 
f e l l to a powder on removal from the apparatus. Con-
siderable p l a s t i c flow had taken place as the c r y s t a l 
was foimd to be grossly distorted in' shape on being 
removed and i r r e g u l a r markings found on the external 
faces indicated the extent of ther s l i p process; j t t 
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these high s t r e s s e s (greate;r than- 40 Kg/cm ) the 
phOTomeaaon of r e c r y s t a l l i s a t i o n was also found (see 
sec. 1.3) and the i r r e g u l a r orientation of the poly-
c r y s t a l s could be seen by examining the surface of 
a cleaved face by r e f l e c t e d l i g h t . I t seems there-
f o r e that the non-detection of the phenomena of a 
condfiictivity increase under mechanical deformation 
:tor many sodium chloride c r y s t a l s can not be a t t r i -
buted to the f a i l u r e to apply s u f f i c i e n t s t r e s s or 
to any lack of s e n s i t i v i t y of iiie e l e c t r i c a l side of 
the: apparatus: used. 
7.4 THE TEMPEItATURE DBPEHIJENCE OW THE COlTOgCTIVTTY CHAHGE 
I d e a l l y I t was desirable to take a specimen of a 
given crystal,, to place i t i n the s t r e s s apparatus and 
to determine the increase i n i t s conductivity at 
various temperatures f o r constant increments of applied 
©tress. This experiment was not completely possible 
since there were only a small number of st r e s s i n c r e -
ments a v a i l a b l e i n the range from zero s t r e s s to the 
l i m i t of 4 0 Kg/cm^ and the whole of the temperature 
range desired could not be covered with one c r y s t a l 
specimen. Aeeordingly the e3g)eEiments had to be 
c a r r i e d out using a niamber o f specimens cleaved from 
C r y s t a l I 
Temperature Conductivity in-
i n C. crease a s a ^. 
166 
208 
6 7 
7 5 
Conductivity 
increase common 
scale . 
67 
75 
C r y s t a l I I 
208 
228 
2 9 0 
3 2 1 
3 5 2 
3 7 3 
3 9 4 
293 
288 
45 
38 
20 
10 
0 
75 
74 
12 
10 
5 
2.5 
0 
C r y s t a l I I I 97 
120 
145 
166 
5000* 
800 
240 
71 
755 
226 
67 
» This value i s very doubtful - the p o t e n t i a l e f f e c t here 
i s large and i t i s almost impossible to separate the 
conductivity IncoTease from i t . 
A l l the readings on any one c r y s t a l were taken with a 
constant value of s t r e s s increment. 
Table 3 - The v a r i a t i o n of conductivity Increase with 
temperature f o r Harshaw KCl c r y s t a l s . 
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the same c r y s t a l . This- would have been a perfectly 
s a t i s f a c t o r y procedure i f the r e s u l t s f o r different 
specimens under i d e n t i c a l conditions had been re-
producible. Although there was broad agreement i n 
the conductivity increase f o r specimens from the same 
c i y s t a l , there could sometimes be a difference of as 
much as 3 0 0 ? ^ i n the increase at any one temperature. 
The process was therefore adopted of averaging out 
the r e s u l t s f o r a niimber of i^ecimens. With any one 
specimen,, readings were taken at a limited nvimber of 
points over the temperature range from 1 0 0 - AOO°C, 
This, process was repeated with a number of specimens 
from the same c r y s t a l and although there were d i f f e r -
ences i n the increases- recorded at any one temperature, 
the; general trends of the v a r i a t i o n of the conductivity 
increase with temperature was' substantially theeame i n 
a l l cases. Table 3 i l l u s t r a t e s t h i s process for a 
c r y s t a l of Harshaw potassium chloride. 
Measurements were carried out oh a c r y s t a l of 
Hiar^aw potassium chloride since in- t h i s p a r t i c u l a r 
c r y s t a l the value of the conductivity increase was large 
f o r any given s t r e s s and also because the magnitude of 
the potential effect was small. m actually carry-
ing out the experiments alternate photographs were taken 
too 300 300 A.00 
Figure 35 =• C o n d u c t i v i t y increase/temperature f o r Harsliaw KCl. 
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a© described with and without potential applied, and 
the conductivity change separated from the potential 
e f f e c t by a comparison of successive photographs. 
The r e s u l t s of the experiments are shown i n f i g . 35 
where a graph of fo conductivity increase against tem-
perature i n OCT i s plotted f o r the constant (2Kg/cm2) 
s t r e s s increment applied. The highest value of the 
conductivity increase shown i n the graph i s at a tem-
perature of 120°C. Higher'values of the increase 
were recorded at lower temperatures but the measure-
ments at t h i s end of the range were somewhat uncertain 
since i t was d i f f i c u l t to separate the contribution 
from the potential effect which was considerable here. 
Also there were wide v a r i a t i o n s I n the magnitude of 
the increase from specimen to specimen so there was 
i n s u f f i c i e n t evidence to deduce the form of the graph 
below a temperature of 120°C. 
7^3 KTRTHER BXPEBTMKNTS 
I t was always found i n examining the conductivity 
increase t h a t once an increased conductivity had been 
obtained f o r a giren value of stress, that i f the s t r e s s 
was removed the conductivity increase could not be pro-
duced again on i n c r e a s i n g the s t r e s s u n t i l the previous 
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value of the s t r e s s had b e ^ exceeded. However i t 
should be noted here that there was found to be a 
s l i g h t conductivity increase at stresses Just below 
the maximum value of the s t r e s s previously applied -
t h i s seems to agree with the findings of Gyulal and 
Hartly (1928). Apart from t h i s very s l i g h t effect 
the conductivity Increase does seem to be associated 
with the p l a s t i c flow i n the c r y s t a l since a l k a l i 
hallde c r y s t a l s are known to work harden a f t e r flowing 
at any given s t r e s s (see Schmidt and Boas 1930). Thus 
any s t r e s s below the new y i e l d s t r e s s would not give 
r i s e to p l a s t i c flow and there would be no appearance 
of the conductivity change. I f however the c r y s t a l 
were annealed i t would be expected to revert to i t s 
s t r a i n f r e e state and the y i e l d s t r e s s would f a l l to 
the i n t r i n s i c minimum. Ha t h i s condition low stresses 
should cause p l a s t i c flow and give r i s e to a conduc-
t i v i t y increase. 
This experiment was performed with a c r y s t a l of Har-
shaw potassiim chloride. The c r y s t a l had graphite 
electrodes applied and i t s conductivity was measured 
at a temperature of 132°XJo The usual s t r e s s increments 
were applied and the average value of the conductivity 
increase was determined. The c r y s t a l was then 
Total applied s t r e s s Conductivity increase Conductivity i n -
i n Kg/cm^. ( a r b i t r a r y u n i t s ) crease a f t e r 
annealing at 60( 
6 - 2.3 
8 1.5 -
10 - 2.0 
12 2.5 — 
14 — 1.5 
16 2.8 -
18 - 1.5 
20 3.3 -
22 MM 2.0 
24 2.8 -
26 - 1.7 
28 3.3 -
30 - 2.0 
52 2.7 — 
34 - 2.0 
36 — 
38 5.0 
2 
The s t r e s s incremioits were 2 Kg/cm and where a dash 
i s shown' i n the ta b l e the s t r e s s Increment was applied 
though a conductivity measurement was not made. Measure-
ments were made at 132 C. 
Table 4 - E f f e c t of annealing on the conductivity increase 
i n a Harshaw KCl c r y s t a l . 
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removed from the stressr apparatus and was placed i n 
a furnace which was slowly taken up to a temperature 
of 600°C and was maintained at t h i s temperature f or a 
few hours. The furnace was then allowed to cool 
down to room temperature over a period of 12 hours 
and the graphite; electrodes; which had been oxidised 
during the annealing were replaced. The c r y s t a l was 
then replaced i n the s t r e s s apparatus and the conduc-
t i v i t y change was redetermined under i d e n t i c a l condi-
t i o n s to those before annealing. Although the 
c r y s t a l had been stressed to 34 Kg/cm before anneal-
ing the conductivity Increase now appeared a t about 6 
2 
Eg/cm . The a c t u a l value of the conductivity Increase 
f o r a given s t r e s s increment was found to be about the 
same a s before. The actual r e s u l t s of t h i s experiment 
are given i n table 4. 
I t was confirmed with various c r y s t a l s that the mag-
nitude of the conductivity increase was d i r e c t l y pro-
portional to the value of the s t r e s s increment applied. 
The experiment was not easy to carry out with any degree 
of thoroughness with the s t r e s s apparatus available since 
i t was not possible to apply the s t r e s s increment i n a 
time small compared to the rate of decay of the conduc-
t i v i t y increase. By applying; different s t r e s s incre-
^rsha^s^ px>tassium chloride a t a temperature of 127°Cc 
The; ©pecimen had graphite Qlectrodes and cardboard d i s c s 
were ue©d to eliminate any pot e n t i a l ©ffecto 
<gtgess increment Conduetl-^ty increase 
2 Kg/cm 20 times (awEage of ©is 
readings) 
1 « 12 « (awsage of foi 
readings) 
O o 5 " 4 (average of tw( 
>) 
Tabl© 5 = The m r i a t i o n of the conductivity 
increase with the applied s t r e s s 
increment o 
t i> CM. M fttm 
•a -3 
Figure 36 - The decay w i t h time of the c o n d u c t i v i t y increaseo 
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mente expreissed as f r a c t i o n a l rotations of the screw 
of the v i c e (^, ^ &te), and by noting the corres-
ponding conductivity i n c r e a ^ f o r any one specimen 
at a given temperature^ i t couldl be ^own (over a 
l i m i t e d range of s t r e s s increments) that provided the 
s t r e s s increment was rapidly applied the conductivity 
Increase was d i r e c t l y proportional to the magnitude 
of the s t r e s s increment. T h i s ±e i l l u s t r a t e d i n 
t a b l e 5. 
Fromr the photograph© o f the con&ictivity increase 
on application of stress: f o r various crystal© an 
a n a l y s i s was made of the shape of the decay curve 
of the conductivity. The films were measured up 
by means of a t r a v e l l i n g microscope and a set of 
values of Q (the conductivity current) and t (the time) 
were obtained ( s e e the a n a l y s i s of an exponential 
curve given I n sec. 3.6). The- quantities Q and t were 
plotted on logarithmic graph paper and f i g . 36 shows 
such graph© obtained from photographs of conductivity 
decay ©irve© of a sample of Har^aw potassium chloride. 
I t w i l l be seen that the points l i e very approximately 
on a straight line,, showing that the decay i s nearly 
exponential,, e s p e c i a l l y f o r large values of t . The 
time constant of decay T has been calculated from the 
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formula of 5.6, 
T = (tg - \)/aog^Q^ - loggQ2). 
The average value of T for the three curves shown was 
T = 1.1 sec, the temperature a t which the conductivity 
increases! under s t r e s s were obtained being 3.32°C. 
Analysis of cairves f o r c r y s t a l s of Harshaw sodium 
chloride and Harshaw potassium iodide gave values of 
T of 0.3 and 0*8 seconds respectively,, the temperature 
of the experiment being 109°^ C;. These values of T 
seem to be i n very good agreement with the values 
fotmd by Gyulai and Boros (1940) since they foxind 
that the conductivity increases for potassium 
chloride and potassiumi bromide dropped to h a l f t h e i r 
peak values a f t e r 0.2 - 0.3 sec. This would corres-
pond to a time constant of decay o£ about 0.3 - 0.4 
sec assuming t h a t the decay curves were exponential. 
Detailed measurements were not made on the other crys-
t a l s examined f o r the conductivity increase \inder 
s t r e s s but a rough qual i t a t i v e assessment, of the 
decay time constant was'made by v i s u a l observation , of 
the decay of the conductivity increase. The values 
of T i n a l l cases were estimated to be of. the same 
order of magnitude, i . e , i n the range 0,3 - 1.1 seconds. 
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7.6 ETCHPITS 
Amerlinckx (1954) lias' reported tliat when fresh 
cleavage faces of a r t i f i c i a l l y grown single c r y s t a l s 
0)f sodium chloride are etched i n alcohol, well devel-
oped et^hpits are ohitained i n a reproducible way, and 
r e s u l t s were obtained which led to the conclusion that 
there was a one>-to-one correspondence "between etchpits 
and d i s l o c a t i o n s . The cleavage faces of w e l l -
annealed specimens were found to consist of s l i g h t l y 
disorientated grains and a f t e r etching the boundaries 
of these 2Jones could be resolved into rows of w e l l 
defined etchpits. That the substructure revealed i n 
t h i s way was a genuine structure of r the material was 
proved by the fact, that both halve© of a cleaved 
specimen produced etch patterns which were mirror im-
ages:, 
m Amerlinckx•& woidc two typeer of etchpits could 
be distinguished! (1) etchpits i n low-angle grain 
boiindaries,. (2) etchpits distributed apparently at 
random and corresponding to a three dimensional net-
work of d i s l o c a t i o n s . The observed density of etch-
p i t w belonging to the type (2) was of the order of 
10^/cm^, Taking Into account the et-chpits i n grain 
botind'aries, the t o t a l density became of the order of 
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10 /citt • Bxperlntents also allowed that rows of etch-
p i t s could be seen associated with s l i p traces i n 
c r y s t a l s that had heen p l a s t i c a l l y deformed. 
I t was decided to attempt to take photographs 
of the etchpits on surfaces of specimens of the various 
sodium chloride crystal® that had heen used f o r experi-
ments on the conductivity increase, i n order to obtain 
some information on the; numbers of dislocations present 
i n these c r y s t a l s , A microscope was available which 
could be adapted to throw the image of the object on 
tx3; e i t h e r a ground g l a s s screen f o r v i s u a l observation 
or a photographic plate f o r recordings. IPhe specimens 
were cleaved from the c r y s t a l s and were about 5 x 5 x 1 
mm i n s i z e . r t was found convenient to cement the 
lower surface of the specimen to the g l a s s slide by a 
t h i n smear of rubber solution. (Ehis held the speci-
men i n place on the s l i d e and the rubber solution was 
s u f f i c i e n t l y transpaarent not to i n t e r f e r e with the 
transmission of l i g h t through the c r y s t a l . The upper 
face of the specimen was always the f r e s h l y cleaved sur-
face and as soon as the specimien had been attached to the 
s l i d e i t was etched by wiping; l i g h t l y with a fine brush 
dipped i n absolute methyl alcohol. The surface of the 
c r y s t a l was then dried rapidly i n a stream of waim a i r 
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from, a h a i r dryer. The stream of warm a i r was also 
allowed to play over the specimen whilst on the stage 
of .the microscope. This prevented the deposition of 
water on the surface during observation of the etch-
p i t s . The optimum time of etching appeared to vary 
from specimen to specimen but i n many cases i t was 
found preferable to make thie etching time as short as 
possible. T h i s amounted to one stroke of the brush 
dipped i n alcohol across the face of the c i y s t a l and 
then immediate drying of the surface i n the warm a i r 
stream. 
Sub stage illumination was provided by a 24 watt 
buJLb and i t was found advantageous to stop down the 
i r i s i n the condenser i n order to increase the con-
t r a s t i n the f i n a l image. A lOX objective was used and 
t h i s gave a magnification of about 50 when the image 
was focussed on the ground g l a s s screen or photographic 
plate (the camera was conveniently constructed so that 
both the ground g l a s s screen and the photographic plate 
l a y at the same distance from the objective and i t was 
easy to switch the l i g h t beam from one to the other). 
When the upper surface of the specimen was correctly 
focussed very l i t t l e could be seen on the screen, but 
on s l i g h t l y moving the image out of focus the etchpits 
(a) K o r t h FaCl' (b) K o r t h NaCl 
(o) Korth NaCl (deformed) (d) Aberdeen KaCl. 
Figure 37 - 'Stchpit P h o t o g r a p h s (X50) 
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shewed c l e a r l y as l i g h t or dark coloured dots (de-
pending on whether th.e objective was focussed s l i g h t l y 
above or below the surface of the c r y s t a l ) . A l l 
photographs were i n f a c t taken with the etchpits 
showing as l i g h t coloured spots.. Cleavage steps 
could also be seen on many specimens but these could 
u s u a l l y be easily^ distinguished from any l i n e s due to 
rows of etchpits. The cleavage steps usually ran i n 
< roughly p a r a l l e l bands a c r o s s the face, and the larger 
steps showed as a l i g h t and a dark band running side 
by side on^  the photographic plate. The photographs 
were taken on Kodak B 20 high contraert process plates 
and exposure times were about 20 sec with the intensity 
of the sub-stage illumination reduced for photography 
by a v a r i a b l e r e s i s t a n c e i n s e r i e s with the filament 
of the lamp. 
P o s i t i v e s of some of the photographs of the various 
specimens of sodium chlosride are shown i n f i g s . 37 & 38. 
Ih a l l cases the magnification was 50Z. The f i r s t 
photograph taken on Kcrth sodiiam chloride shows clear-
l y some examples of rows of etchpits foiming low-
angle grain boundaries. The i r r e g u l a r veining of 
the grain boundailes can be e a s i l y distinguished from 
some cleavage steps running as p a r a l l e l l i n e s across 
(a) Durham iv^aCl (b) H i l g e r KaCl. 
( c ) Taylor Hobson NaCl (d) Harshaw NaCl. 
Figure 38 - fi;tcht)it photogrardis (X50). 
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the? photograph. The second photograph i s also taken 
on Korth sodium chloride, but whereas the f i r s t photo-
graph, i s typical,, t h i s photograph i s remarkable for the 
large number of rows of e t c h p i t s running f a i r l y regu-
l a r l y across the surface of the specimen. I t may be 
that this! specimen was s l i g h t l y strained and i t so 
happened that a large number of edge dislocations were 
running i n the plane of the surface, F i g , 37(c) i s a 
photograph taken on the same c r y e t a l but i n t h i s case 
the? c i y s t a l was p l a s t i c a l l y deformed before being 
cleaved and etched. The large increase i n the number 
of d i s l o c a t i o n s can be seen. EUrther p l a s t i c defor-
mation increased considerably the number of etchpits 
but i t was not p o s s i b l e to see them at t h i s magnifica-
t i o n . i»igv 38(b) i s taken on Hilger sodium chloride 
and i s i n t e r e s t i n g as i t shows etchpits on s l i p l i n e s 
j u s t above the cleavage step running across the centre 
of the photograph. The specimen must have been 
s l i g h t l y strained at t h i s point since Amerlinckx: shows 
photographs of t h i s type f o r c r y s t a l s that have been 
s l i g h t l y deformed. 
An estimate was made of the number of etchpits per 
square centimetre of c r y s t a l surface f o r a l l the samples 
of sodiTim chloride using these etchpit photographs and 
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the counts are recorded i n table 2. 
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8. THE POTENTIAIi KPFECT IN SIgGELE CBYSTALS OF ALKALI 
HAEIDES IJPOW MECHAUICAL DEFORMATION 
8.1 EXPERIMENTAL AERANGEMENT 
The experiments on the potential effect were 
ea.rried out. i n the s t r e s s apparatus under s i m i l a r con-
d i t i o n s to the experiments on the conductivity change, 
the only diffierence bedng^ that the potential was not 
connected to the. upper electrode of the c r y s t a l . The 
usual- s i z e of specimen was about 1.1 x; 1.1 x 0^5 can 
and c o l l o i d a l graphite was applied to the electrode 
f a c e s . The graphite coatinge were i n direct contact 
with the machined faces of the biassr electrodes i n 
the s t r e s s apparatus;. S t r e s a increments were applied 
to the specimens through the ^ r i n g as described i n 
see. 7.1 f o r the conductivity change. The increments 
of s t r e s s were applied so that the t o t a l s t r e s s on the 
specimen was continually increased. 
A l l the: c r y s t a l s mentioned i n chapter 7 were 
examined f o r the presence of a potential effect and i n 
a l l cases such soa effect was found. A large part of 
the work was ca r r i e d out on Aberdeen sodium chloride 
since some large single c r y s t a l s of t h i s material were 
ava i l a b l e and also because the magnitude of the effect 
CTrystal P o t e n t i a l e f f e c t ( v o l t s ) 
Durham KCl 0.06 
H a r i ^ w ZCl 0.02 
Hilger KCl 0.02 
Hi l g e r KCl (coloured) < 0.01 
Hi l g e r KBr - (only detected at 
high s t r e s s e s ) 
Aberdeen NaCl 0.07 
Durham NaCl 0*03 
BarShaw NaCl 0.04 
Hilger NaCl 0.07 
Korth N a d 0»04 
Tay^lor Hob son NaCl 0.08 
Hilger Nal 0»03 
The^ p o t e n t i a l e f f e c t s were computed as averages f o r 
the -^mrious c r y s t a l s i r r e s p e c t i v e of: the sign of the e f f e c t , 
Tbe s t r e s s increment was 2 Kg/can and the g r i d leak r e s i s -
9 
t o r 10 ohm, aardboard d i s c s were placed on the c r y s t a l 
electrodes. 
Table 6 - The pot e n t i a l e f f e c t f o r v a r i o u s ci^ystals. 
TV-
Figure 39 - F i l m taken on Aberdeen sodium c h l o r i d e 
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i n t h i s c r y s t a l was quite large f or a given s t r e s s 
increment. Table 6 i l l u s t r a t e s some of the values 
of the potential e f f e c t found with different c r y s t a l s . 
I t w i l l be seen that there are no large diffierences 
i n the magnitude of the potential effect from one 
c r y s t a l to another as has been found f o r the conduc-
t i v i t y increase. A. t y p i c a l record taken on a crys-
t a l of Aberdeen sodium chloride i s shown i n f i g . 39. 
The c r y s t a l was placed i n the s t r e s s apparatus and 
s t r e s s was applied to the extent of three f u l l turns 
of the screw of the v i c e . The eight exposures shown 
on the f i l m are f o r successive s t r e s s increments of 
one h a l f - t u m of the screw. I t w i l l be seen that 
the f i r s t deflection was predominantly downwards with 
a l l f u r t h e r deflections mainly upwards. This phenom-
enon of the change of sign during, an experiment i . e . 
with increasing t o t a l s t r e s s on the c z y s t a l was quite 
common. The sign of the potential effect frequently 
changed during the f i r s t few increments of s t r e s s 
applied to the specimen and further changes of sign at 
high s t r e s s e s were also frequent. Bi some of the 
e3q)osures' on the f i l m shown i n f i g . 39, especially on 
number f i v e , a sharp s p i k e o r extremely f a s t deflec-
123. 
t i o n and return of the- spot w i l l be noticed, Visual 
observation of the screen confiimed that a spike was 
always associated with an audible noise generated by 
the production of a crack within the c r y s t a l . 
Another feature of the photographs of the potential 
e f f e c t which i s i l l u s t r a t e d i n f i g . 39 i s the par-
t i c u l a r type of deflection seen i n exposures two to 
f i v e - a t f i r s t a deflection below the l i n e changing 
to- one above the l i n e . This type of deflection ( o r 
the inverse i . e , deflection start i n g above the l i n e 
etc.) was frequently seen i n the experiments but no 
explanation was found, 
Some of the photographs of the time variation 
of the p o t e n t i a l effect, with c r y s t a l s of Aberdeen 
sodituni chloride; were analysed to determined the shape 
of the: potential decay curve. I n cases where the 
type; of deflection was complex,this was always done 
on the l a t e r h a l f o f the trace i , e . on the f i n a l 
decay of the potential to zero. The; traces on the 
recording f i l m were measured up using a t r a v e l l i n g 
microscope and an attempt was made to see i f the curves 
were eacponCTitial. Fsing the formula given i n sec, 
3.6,, the Q and t values (Q i n t h i s case being the 
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magnitude of the potential developed and t the time) 
were plotted on logarithmic graph paper and are shown 
i n fig^. 40 f o r some cairves taken on the same specimen 
at a temperature of 100°C. I t w i l l be seen that 
the curves a r e by no means exponential and the normal 
time constant of decay of an e ^ o n e n t i a l curve can 
not be measured. However, defining the time constant 
as the time required f o r Q to drop to 1/e th. of i t s 
i n i t i a l value:, i t seemed to be i n most cases: of the 
order of 0.3 sec, thus being s l i g h t l y smaller than 
the values found f b r the time constants^ of decay of 
the conductivity increases. The actual shape of the 
p o t e n t i a l decay curve i s best f i t t e d by a hyperbola 
with axes formed by the zero trace l i n e on the screen 
and by a v e r t i c a l l i n e drawn at the point where the 
timie period! of application of the s t r e s s increment 
has Just ended. 
8,2' IN7ESTISATI0N OF THE NATURE OF THE POTENTIAL EFFECT 
An important feature; of the experiments on the 
p o t e n t i a l effect was t h a t i t was not reproducible. 
Specimens of very s i m i l a r shape and s i z e were cleaved 
fromi a large single c r y s t a l of Aberdeen sodium chloride. 
The c r y s t a l s were ©it so that they were taken i n success-
Potential Ef fec t (a rb i t ra ry i in i t s ) 
TG:ta l Applied « Crystal I arystal I I Crystal I I I Crystal 
Stresff, Zg/cm . 
2 - 0 .8 4" 0.1 0 - 0.1 
4 1.2 1.1 - 0.1 + 0.4 
6 0.9 1.0 0.4 
8 L.0 1.2 0.2 
10 0.4 0.1 0.1 
12 1.0 1.2 0.3 0.4 
14 0.9 1.0 0.3 0.4 
16 - 1.2 + 1.1 - 0.3 + 0.3 
The csrystal I - IV were c l ea^d as four successi"we slices 
front a crysta l of Aberdeen soditim chloride. Each specimen 
was placed i n the apparatus the same way up as cut from the 
2 
large c rys t a l . Stress increments were 2 Kg/cm . 
arable 7 - (Ehe var ia t ion of the potent ia l e f f e c t f o r successive 
specimens of sodium chloride. 
Potential e f fec t (a rb i t ra ry uni ts ) 
!E0tal applied stress (Zg/cm^) 
Ciyertal 2 4 6 8 10 
ffairshaw KCl - + 0 . 4 - + 0 . 4 -
nr - + 0 . 1 - + 0 . 1 -
HaOThaw K I - mm - 0 . 1 - + 0 . 1 
Aberdeen HaCl - 0 . 1 + 0 . 1 + 0 .1 + 0 .2 % 0 .2 
n- - 0 . 4 - 0 . 4 - 0.6) - 0 .9 - 0 .9 
Harediaw. HaCl - - + 0 .2 + 0 . 1 0 
Duriiam NaCl - - + 0 .3 - + 0..3 
Taylor Hobson NaCl - — + 0 .2 + 0 . 1 
2 
Stress increments of 2 Kg/(an were: used. A dash i n the 
table indicates that a measurement of the potent ia l e f fec t 
was MBOt made at t h i s stress value. 
Table 8 - Values of applied stress at which the potent ia l 
e f f ec t appeared f o r -rarious c iys ta l s . 
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ive s l ices from the large crysta l , the lower face of 
the f i r s t specimen having been i n contact with the 
upper face of the next, and so on. The specimens 
were then tested tor a p o t « i t i a l e f fec t at the same 
temperature (approx. 100°C) and xxnder the same elee-
t r i e a l conditions. Some results from th i s experiment 
are shown i n table 7 . Although a potential effect 
was found i n a l l cases i t s magnitude and sign appeared 
to be quite random, m some cases the direction 
of the deflection was upwards when stress was f i r s t 
applied, i n others the reverse. Birtheimore the 
actual changes i n sign of the potential ef fect during 
the fu r t he r application of stress also appeared to be 
random. 
A most important feature of the potential effect 
was revealed during^ these experiments - a potential 
frequently appeared before the applied stress had 
reached a value corresponding to the y i e ld stress of 
the crysta l (about 10 Kg/cm ) . Some tjrpieal experi-
m«i ta l records showing th i s are given i n table 8 . 
The actual value of the applied stress at the onset 
of the potent ial appearance varied from specimen to 
specimen as wel l as from type of crystal i n a quite 
random manner. m examining the conductivity change 
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no increases i n conducti-vdty were noted u n t i l the 
stress has reached the y ie ld stress but i n the case 
ot the? potent ial e f fec t deflections were noticed on 
the screen from the f i r s t increment ot stress (2 
Kg/cm ) i n certain specimens. Since potential 
e f fec ts were present at stresses below the y ie ld 
stress of the crystal i t seemed highly doubtful that 
the potent ia l e f fec t was due; to the process of plas-
t i c f low throughout the body of the crys ta l . 
Experiments were carried out therefore to i n -
vestigate whether the potential effect, depended on 
the; W03*:- hardening of the c rys ta l . A c iys ta l of 
Aberdeen sodium^ chloride with graphite electrodes 
was placed i n the stress apparatus and four incre-
m^its of stress were applied. During th is stress 
application a potent ia l ef fect was noted of a given 
sign. The stress on the crystal was reduced to 
zero and then rea,pplied, the crystal being l e f t i n 
the apparatus throughout and not touched i n any way. 
During the reapplication of the f i r s t four increments 
of stress no potent ial e f fec t wae observed. On the 
application of the f i f t h increment the potential re-
appeared with the same sign and magnitude as before. 
The experiment could be repeated at a higher l i m i t of 
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stress; i n the same way. I t . was always found that 
the potent ial e f fec t could not be made to reappear 
at v a l u e o f stress below the mnyiiTi!i.ami value of stress 
that had been previously applied to the crystal,, pro-
vided that the crystal was l e f t untouched i n the 
apparatus- when the stress was removed a f t e r the f i r s t 
applicat ion. These experiments seemed therefore to 
indicate that the potent ia l e f fec t was associated 
wi th the process of p las t ic flow i n the crystal siiice 
the: e f fec t was not found at stresses above which work 
hardaiing had taken place. 
At. th i s stage i t was decided to investigate 
whether the potent ial e f fec t could be made to re-
appear i n a stressed crystal by annealing and the 
consequent reduction of the y ie ld stress. A crys-
t a l was placed i n the stress apparatus and stressed 
to a given l i m i t . I t was- then removed and 
annealed at a temperature of 600°C f o r some hours. 
On removal from the furnace the graphite electrodes 
were renewed and the crystal replaced i n the stress 
apparatus. rt was then found that the potential 
e f f e c t could be made to appear a t values of stress 
below the l i m i t that had already been applied before 
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the^ eainealing process. However the direction and 
magnitude of the potent ial that had been found pre-
viously f o r a specimen were not reproducible a f t e r 
the annealing process, although i n some cases the 
results before and a f t e r annealing were f a i r l y simi-
l a r . The annealing procese was extended to periods 
of a week at 550 - 600°C but the resiilts. on retesting 
the crysta l were i n no way d i f f e ren t to those obtained 
with shorter periods of annealing. I t should be 
mentioned here that these annealing experiments are 
by no means conclusive as changes i n the potential 
e f fec t were discovered when a specimen was merely re-
moved and -then replaced i n the stress apparatus (see 
sec. 8.50. 
8.3 THET TEMPEBATTJHE DBPEHDENCE OP THE POTENTIAL EFEECT 
At th i s stage the e:^eriments on the mechanical 
nature of the e f fec t were discontinued i n order to 
examine the way i n which the ef fec t depended on the 
temperature at which the experiments were carried out. 
A large number.'of experiments were performed on ciystals 
of Aberdeen, sodium chloride at various temperatures 
and an attempt wae made to analyse the photographic 
records obtained. However the results were so random 
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i n nature, both sign and magnitude^ that i t was not 
possible to obtain' anythihg^ more than that the mag-
nitude of the; potential e f fec t appeared to decrease 
with increasing: temperature. A type of experiment 
was needed therefore where the potential effect was 
f a i r l y reproducible f o r equal stress increments at a 
given temperature. 
I t was found that, of ten i n the course of an ex-
periment on a crys ta l that apart from changes i n the 
sign o f the potent ia l e f fec t , there were periods 
during^ which the sign amd magnitude of the potential 
were f a i r l y constant f o r successive stress increments. 
During: one of these peadod when the e f fec t appeared 
to; be reproducible the temperature of the crystal was 
changed and the next increment of stress was applied 
at a d i f f e ren t temperature. In th i s way i t was 
possible to cover a l imi ted number of points i n the 
temperature range to be investigated. The experi-
ments were repeated on specimens of Aberdeen sodium 
chloride, cleaved fromi the same single crys ta l . By 
combining the results on a number of specimens with 
f a i r l y reproducible values o f the potential effect 
at constant temperature, i t was possible to plot the 
dependence of the potential, e f fec t on temperature. 
QTempeirature Average potent ia l Potential on 
i n d. (arb i t rary uni ts ) a comiKon sea 
97 1.3 1.3 
187 1.3 1.3 
arystal I 8^2 0.05 0.05 
374 0.00 0.00 
187 0.27 1.3 
arys ta l I I gos 0.12 0.58 
229 0.05 0.14 
238 0.00 0. 
The po)tential was measured i n a l l cases f o r a constant 
value of stress increment. 
Table 9 - The var ia t ion of the potent ia l e f fec t wi th tempera-
ture i n Aberdeen NaCl crysta ls . 
F i g u r e 41 - V a r i a t i o n of the p o t e n t i a l e f f e c t w i t h temperature. 
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and t h i s i s shown i n f i g . 41. The values of the 
potent ia l developed f o r diif fie rent specimens were re-
duced to a common scale i n arbi t rary uni ts of poten-
t i a l and each point on the graph represents an aver-
age f o r ' a number of crystals. This procedure was 
possible since the e f fec t seemed to vary with tem-
perature i n a s imilar way f o r d i f fe ren t specimens and 
the magnitude of the potential was equated to a common 
value at one par t icu la r temperature f o r a number of 
specimens. This i s i l l u s t r a t e d by some results 
shown i n table 9. Promi f i g . 41 i t w i l l be ee&n. that 
the magnitude of the potential decreases with temper-
ature becoming almost negligible at 250°a. The de-
pendence of potent ial on temperature I s not shown be-
low 187°a since below Idiis value there was too much 
var ia t ion in' individual readings to be s igni f icant . 
I t seems l i k e l y however that the rate of variat ion with 
temperature i s smaller at temperatures below th is par^ 
t i c u l a r value, 
8.4 THE VARIATION 01* THE POTENTIAL EMCT WITH INPUT 
HESISTANCE 
Part icular care was taken with the measurements 
described under 8.3 to use the same value of the 
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input resistance of the potential measuring^ circui t , 
(actually 10 ohms) when carrying out experiments 
at d i f f e r en t temperatures. This was necessary 
since i t was found that the value of the potential 
developed across the electrodes of a crystal under 
stress depaided greatly on the value o f the input 
resistance of the measuring c i r c u i t . This was i n 
a l l pract ica l cases the grid, leak resistance of the 
electromieter valve or- cathode fol lower and could 
vary from 10 '^ - lO"'^ ohms. A few preliminary ex-
periments showed that the magnitude o f the potential 
decreased with a decreasing value o f the Input re-
sistance of the measuring: c i r c u i t , 
A number of specimens of approximately similar 
size were cleaved from a crystal of Aberdeen sodiiam 
chloafide and graphite electroxies were applied. The 
crystals', were then placed i n the stress apparatus and 
the potent ial effieet meawired at a temperature of 
100°C.. lour values of gr id leak were used - 1 0 ^ , 
10^^, 10^ and 10^ ohms. The value of the resistance 
of the specimens a t t h i s temperature was about lO*^ *^  ohms, 
t h i s being considerably greater than a l l but the high-
est value of the gr id leak. Readings of the potential 
effect, were only taken when the sign and magnitude of 
Crystal no. 
57 
40 
ffrid leak resistance 
(ohms) 
10 
N 
8 
Potential 
(vol ts) 
0.044 
0.008 
Average potent ial 
(vol ts ) 
0.026 
35(13) 
35(14) 
36.(15) 
36(16) 
42 
43 
44 
41 
10- 0.095 
0.127 
0.316 
0.372 
0.262 
0.284 
0.51 
0.175 
0.268 
42 
43 
41 
10 10 4.0 
2.51 
2.57 
5*69 
42 
43 
41 
10 11 9.1 
8,51 
8.90 
Measurem^t at 100 C. 
Table 10 — The var ia t ion of the potent ia l efffect with the 
input resis-tence f o r crystals o f Aberdeen HaCl. 
9 I 2 3 4- 5 6 7 
> V (vo/ta) 
F i g u r e 42 - V a r i a t i o n of the p o t e n t i a l e f f e c t w ith input 
r e s i s t a n c e o 
10 
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the pctaat ia l was steady f o r successive stress i n -
crements under fd^entical conditions and then the 
potent ia l was measured using a l l four values of 
g r i d leak resistance i n turn . 'Sue actual magni-
tude of the potential a t any value of g r i d resis-
tance varied from specimen, to specimen but the form 
of the var ia t ion of potential with resistance was 
s imi lar i n a l l cases and the potentials were aver-
aged so that a l l the readings taken couldi be plotted 
on the same graph. Some of the readings are 
shown i n table 10 and i n f i g : . 42 the value of the 
g r i d leak resistance K i s plot ted against the mag-
mi tude of the: potent ial T iin v o l t s . 
An analogy may be drawn between the potential 
e f fec t and the potent ia l V i n an external c i r cu i t 
supplied by a battery o f e.m.f. B~ and internal re-
sistance r . I f atiB battery i s connected, to an 
external c i r c u i t o f resistance H: then the potential 
developed across- ihe external load w i l l be given by 
V = E - Vr /R 
or 1/V = 1/E + ( r / B ) x ( l / R ) . 
rf at any given temperature B" and r are constant, 
which w i l l normally be the case f o r a battery, then 
the: graph of 1/v p lot ted against 1 /R should be a 
10 
'/R 
{ohms} 
10 2 0 30 40 
F i g u r e 43- V a r i a t i o n of the p o t e n t i a l e f i . e c t with I m u t 
r e s i s t a n c e o 
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straight l i ne o f slope r/E and with an intercept on 
the axis given by 1/E. 
rt was decided therefore to see whether t h i s 
analogy was applicable i n the case of the potential 
e f fec t . . A graph was plot ted of 1/v against 1 / H 
where T i n t h i s case was the magnitude of the poten-
t i a l dieveloped in- vo l t s and H was the resistance of 
the g r i d leak i n ohms. The* points are plotted 
i n f i g . 43 and the graph i s f i t t e d by a straight l ine 
which seoas to; indicate that th i f f analogy i s an em-
p i r i c a l description of the nature of the process 
taking place i n the production of a potential across 
the electrodes of the c rys ta l . I t i s obviously not 
wise to carry t h i s analogy too f a r since the process-
i s probably one of the generation of a given quantity 
of charge by a given amount of mechanical deformation. 
The production, and decay of t h i e cdiarge i s manifest 
as the appearance and decay o f an e lec t r i ca l potential 
across the electrodfes of the crys ta l . On the other 
hand i t should be; noted tha t the assumption of the 
generation of a quantity of charge across a condenser 
of capacity C i n para l le l wi th a resistance R does not 
f i t the; observed results f o r the var ia t ion of the 
ptatential T with resistance R. The analogy to a 
134. 
b a t t e r y demonstrates t h a t the? c r y s t a l bshavea as a 
low power energy source f b r a g i v e n amaimt o f 
mecdianical d e f o r m a t i o n . 
8,5 T H E DEPENDBUCE: OP T H E PO!PENTIAL EgEEC!E UPON THE 
HATUHE 01 THE CaPfSTAIi SUHgACE 
I t had been thought, vqp t o t h i s stage t h a t the 
p o t e n t i a l e f f e c t was a phenomenon assoc ia ted w i t h 
the process- o f mechanical d e f o r m a t i o n throughout 
t h e body of^ the c r y s t a l . The random nature: o f 
the s i g n and m a g n i t u d e o f the p o t e n t i a l f o r s i m i l a r 
s p e c i m e n s - was e x t r e m e l y p u z z l i n g and i t seemed T e r y 
d i f f i c u l t , t o g i v e a s a t i s f i a c t o r y e x p l a n a t i o n . Some 
exper iments were p lanned to see how the p o t e n t i a l 
developed depended on the s ize and shape o f the c r y s -
t a l . D i c a r r y i n g out these experiments an impor-
t a n t f a c t concerning the p o t e n t i a l e f f e c t was f i r s t 
n o t i c e d . 
rt has been mentioned b e f o r e t h a t i f a c r y s t a l 
o f t he u s u a l s i ze w i t h g r a p h i t e e l ec t rodes was p laced 
i n t he s t r e s s apparatus and loaded t o a g i v e n l i m i t 
and then the s t r e s s re leased , t h a t the p o t e n t i a l 
e f f e c t c o u l d o n l y be made t o reappear by exceeding 
the magnitude o f the s t r e s s that , had been p r e v i o u s l y 
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a p p l i e d . I t was now f o u n d that , i f a c i y s t a l was loaded 
t o a g i v e n s t r e s s , t i i en the s t r e s s re leased and the 
c r y s t a l removed f r o m the apparatus , the p o t e n t i a l 
c o u l d he made t o reappear on r e p l a c i n g t h e c r y s t a l i n 
th& appara tus and l o a d i n g t o s t resses below the va lue o f 
the maximum stressr t h a t had been a p p l i e d p r e v i o u s l y . 
In r e p l a c i n g the c r y s t a l i n the s t r e s s apparatus i t 
was u n l i k e l y t h a t i t would be p o s i t i o n e d i n e x a c t l y 
the^ same way between t h e brass e l e c t r o d e s . On the 
o t h e r hand i f the c r y s t a l remained i n the s t ress appara-
t u s a l l t h e t ime the ppo^ential e f f e c t was n o t found on 
the r e a p p l i c a t l o n o f s t r e s s u n t i l the o l d l i m i t o f 
a p p l i e d s t r e s s was exceeded. m t h i s case the c r y s t a l 
would almost c e r t a i n l y be occupying e x a c t l y the same 
p o : f l i t l o n between the brass e lectrodes ' . !Ehis seemed 
t o i n d i c a t e t h a t the p o t e n t i a l e f f e c t was i n some way 
conneaised w i t h t h e a p p l i c a t i o n o f stress- t o the sur -
f a c e o f the c r y s t a l and n o t a ssoc ia ted w i t h the process 
o f p l a s t i c f l o w i n the body o f the c r y s t a l as was 
c l e a r l y the case w i t h the c o n d u c t i v i t y inc rease . 
A t t h i s - stage another p u z z l i n g f e a t u r e o f the po ten -
t i a l e f f e c t was n o t i c e d , A specimen was placed i n 
t h e apparatus and s t r e s s increments were a p p l i e d u n t i l 
i t was- found t h a t the s i g n and magnitude o f the p o t e n t i a l 
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developed were cons tan t over a number o f s t r e s s i n c r e -
ments . A t t h i s p o i n t the specimen was removed f rom 
the appa ra tus and was then immediate ly replaced bu t 
i n v e r t e d , so t h a t what had been the upper e lec t rode o f 
t he specimen was now i n con tac t w i t h the lower brass 
e l e c t r o d e o f the apparatus and v i c e ve r sa . I t was now 
f o t m d that , the magnitude o f the p o t e n t i a l appearing 
was about, t he same as b e f o r e the i n v e r s i o n bu t t h a t the 
s i gn o f the p o t e n t i a l had a l t e r e d . T h i s meant t h a t the 
s i gn o f t h e p o t e n t i a l w i t h respect t o the e lec t rodes o f 
the c r y s t a l was una l t e r ed , : e.g.. i f the upper e lec t rode 
o f the c r y s t a l had been developing; a p o s i t i v e p o t e n t i a l 
i t s t i l l con t inued t o g i v e t h i s p o t e n t i a l when i n v e r t e d 
so. as. t o be the l o w e r e lec t rode , , a l though the s ign as 
observed a t the o u t p u t o f the m ^ s u r i n g apparatus 
appeared t o be n e g a t i v e . 
T h i s phenomenon was n o t always f o i m d w i t h every s p e c i -
men t h a t was t e s t e d ±a t h i s way bu t i t occur red i n a 
s u f f i c i e n t p r o p o r t i o n o f the specimens t e s t e d to be 
s i g n i f i c a n t . A p o s s i b l e e x p l a n a t i o n i s t h a t the c r y s -
t a l i s : de fo rming i n a d e f i n i t e inhomogeneous way under 
the a p p l i c a t i o n o f s t r e s s and a l though, i n v e r t e d s t i l l 
c o n t i n u e s t o deform i n t h i s way i n many cases. I t i n -
d i c a t e s t h a t the e f f e c t i s n o t s o l e l y a sur face phenomenon 
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a l t h o u g h I t . may be a s soc ia t ed w i t h the de fo rma t ion o f 
sma l l p a r t s o f the specimen, perhaps e s p e c i a l l y a t 
the edges o f the e l e c t r o d e s . 
rt was decided t o i n v e s t i g a t e whether the phe-
nomenon was i n f l u e n c e d i n any way by the g r i n d i n g o f 
t h e c i q r s t a l s u r f a c e s and a p p l i c a t i o n o f g r a p h i t e 
e l e c t r o d e s . A c c o r d i n g l y a specimen o f the u sua l s i ze 
was clearwed f r o m a c r y s t a l o f Aberdeai sodium c h l o r i d e 
ta lc ing s p e c i a l care t o g e t the cleavage ac ross the 
l a r g e r f a c e s ( i . e . t h e e l ec t rodes ) as p e r f e c t as 
p o s s i b l e . su r faces were ob ta ined w i t h no cleavage step 
l i n e v i s i b l e t o the naked eye. The c r y s t a l su r faces 
were, n o t roughened w i t h emery paper n o r was c o l l o i d a l 
g r a p h i t e a p p l i e d . Iwo p ieces o f t h i n aluminium f o i l 
were p l a c e d on the e l ec t rode su r faces and the c r y s t a l 
was p l aced be twea i t he bcrass e l ec t rodes i n the s t r ess 
appa ra tus . On a p p l i c a t i o n o f s t r e s s increments t o 
the c r y s t a l the p o t e n t i a l e f f e c t was o b t a i n e d . I f the 
s tress- was now re leased and r e a p p l i e d no p o t e n t i a l was 
f o u n d u n t i l the stress^ exceeded t h e o l d l i m i t . On 
t h e o t h e r hand i f the p o s i t i o n o f the c r y s t a l was 
a l t e r e d s l i g h t l y b e f o r e the r eappUjca t i on o f s t r e s s , 
the p o t e n t i a l e f f e c t was f o u n d a t low va lues o f s t r ess 
below t h e p r e v i o u s l i m i t . W i t h these experiments the 
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r e a p p l i c a t i o n o f s t r e s s t o the c r y s t a l u s u a l l y took 
p lace wi th in^ a few minutes o f the removal o f the 
p r e v i o u s s t r e s s . Experiments were a lso per fo imed 
where the c r y s t a l was l e f t i n the s t r e s s apparatus 
f o r p e r i o d s up t o 24 hours under zero l oad a f t e r s t r ess 
had been p r e v i o u s l y a p p l i e d . On r e a p p l y i n g s t ress a t 
the end o f t h i s p e r i o d the r e s u l t s d i d n o t d i f f e r i n 
any way ^from those taken w i t h o n l y a shor t t ime p e r i o d 
b e f o r e the r e a p p l i o a t i o n o f s t r e s s . There seemed t o 
be no; r e l a x a t i o n process t h e r e f o r e i n the c i y s t a l on 
o r a f t e r the removal o f s t r e s s . 
Since t h e p o t e n t i a l e f f e c t seemed to be associa-
t e d w i t h the c r y s t a l su r face i n some way i t was t h o u ^ t 
t h a t the sur face i r r e g u l a r i t i e s migh t be the impor tan t 
f ; ac tor ' and an a t tempt was made t o reduce them. A 
c r y s t a l o f the u s u a l s ize was c leaved f r o m a l a r g e 
c r y s t a l o f sodium c h l o r i d e and the e l ec t rode faces were 
ground by l a p p i n g them on a paper pad on which had been 
spread a s m a l l q u a n t i t y o f v e r y f i n e carborundum pow-
der . T h i s produced a f i n e m a t t sur face on the c r y s t a l 
f r e e f r o m a l l m a j o r su r face i r r e g u l a r i t i e s . The car -
bo rundumi was then removed f r o m the c r y s t a l f aces and 
they were p o l i s h e d on a pad on which some j e w e l l e r • s 
rouge had been p l a c e d . The paper I t s e l f was a t tached 
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t o a p i e c e o f p l a t e g l a s s t o p rov ide a reasonably f l a t 
b a c k i n g , The c r y s t a l f a c e s were p o l i s h e d on the 
rouge u n t i l a suifiace o f o p t i c a l f i n i s h was ob t a ined . 
By ho ld ing - the c r y s t a l su r face aga ins t an o p t i c a l 
f l a t i t was poss ib le , t o p o l i s h to some twenty wave-
l e n g t h s o f l i g h t over the cent re o f "the face i n a com-
p a r a t i v e l y sho r t t i m e . I t was found bet-ter t o s t a r t 
w i t h a C 3 ^ s t a l - o f the c o r r e c t t h i c k n e s s bu t o f l a r g e r 
a r ea - A f ' t e r t h e cen t res o f t h e l a r g e r f aces had been 
p o l i c e d the e x t r a m a t e r i a l a t the edges was cleaved 
away* The b r a s a e l e c t r o d e s were g i v e n a f i n e f i n i s h -
i n g oait i n the l a t h e and then p o l i s h e d w i t h f i n e emery. 
The c r y s t a l was then p laced i n the s t r e s s apparatus 
w i t h a luminium f o i l between the c r y s t a l and the brass 
e l e c t r o d e s and the p o t e n t i a l e f f e c t on the a p p l i c a t i o n 
o f stress- examined. The va lues o f the p o t e n t i a l 
recorded were i f a n y t h i n g l a r g e r than had been found 
w i t h o t h e r s u r f a c e s . A p o s s i b l e expls ina t ion o f t h i s 
i s t h a t the p o l i s h i n g process had b r o u g h t more p o i n t s 
on the su r faces o f the c r y s t a l i n t o contac t w i t h the 
e l e c t r o d e s . i t i s poss ib le , too. t h a t a l a rge p ropor -
t i o n o f the p o t e n t i a l developed arose f r o m s t ress 
a p p l i e d a t t h e edges o f the e l ec t rode sur faces o f the 
c r y s t a l and p o l i s h i n g cou ld n o t e l i m i n a t e t h i s . 
BtresB i n Kg/cnt . 
p o l i s h e d and 
w i t h A l f o i l 
P o t e n t i a l e f f e c t , 
( a r b i t r a r y i m i t s ) 
p o l i s h e d , ^ e e t 
rubber and A l 
f o i l . . 
g round, c a r d -
board and A l 
f o i l . 
2 + 0.4 0 0 
4 1.2 0 0 
6 2 .0 0 0 
8 2.5 0 0 
10 0 0 
12 - 0 0 
14 - 0 0 
16 4.5 0 0 
18 &.7 0 0 
20 6.7 0 0 
22 4.5 0 0 
24 + 4.5 0 0 
26 0 - 0 . 1 
28 0 0 . 1 
30 0 0.2 
32 0 0.2 
34 - 0 . 1 - 0 .3 
Table 11 - OJhe r e d u c t i o n o f the p o t e n t i a l e f f e c t i n c r y s t a l s 
o f Aberdeen FaCl u s i n g rubber and cardboard on 
the e l e c t r o d e s . 
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rt seened -that the p o l i s h i n g o f the c r y s t a l c o u l d 
n o t be improved much f u r t h e r and i t was decided to t r y 
t o i n t e r p o s e some r e l a t i v e l y s o f t m a t e r i a l between the 
c r y s t a l and -the. metal, e l e c t r o d e s . This in te rposed 
m a t e r i a l would serve t o t r a n s m i t the a p p l i e d s t ress 
as a whole) t o -fche specimen b u t would he lp to prevent 
t h e uneven d i s t r i b u t i o n o f s t r e s s o v e r any i r r e g u l a r i -
t i e s - on the e l e c t r o d e o r the c r y s t a l f a c e . The a l u -
minium f o i l had been used f o r t h i s purpose bu t was 
t o o t h i n t o have any "cush ion ing" e f f e c t . Two mater-
i a l s were used be twea i the c r y s t a l and the brass e lec -
t rodes - p i e c e s o f t h i n sheet rubber , and d i scs o f 
cardboard o f about l / l 6 i n . t h i c k n e s s . The e l e c -
t r i c a l connec-fcions were made by s t r i p s o f aluminium 
f o i l on the^ s u r f a c e s o f the c r y s t a l s . I t was found 
t h a t the v a l u e s o f the p o t e n t i a l e f f e c t recorded were 
ve ry cons ide rab ly reduced. T h i s i s i l l u s t r a t e d i n 
the: r e s u l t s shown i n t a b l e 1 1 . In some e x p e r i -
ments w i t h the sheet rubber no p o t e n t i a l e f f e c t was 
recorded f o r s t resses up to 40 Kfe/cm . With t h i s 
m a t e r i a l i t was found -that -the c r y s t a l tended t o 
c rack s ince the re was an outward f o r c e a long the 
e l e c t r o d e sur faces o f the c r y s t a l caused by the p u l l 
f r o m t h e rubber as i t f l o w e d outwards under compress-
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i o n . To some ex t en t t h e r e f o r e a compromise was 
r e q u i r e d between a v e r y s o f t m a t e r i a l which would even 
o u t s t r e s s i r r e g u l a r i t i e s comple te ly ( t e n d i n g to crack 
the c r y s t a l ) and one no t q u i t e so s o f t . Cardboard 
proved t o be q u i t e e f f e c t i v e i n reducing the p o t e n t i a l 
w i t h o u t damage? t o the c r y s t a l and was used i n e x p e r i -
ments on the c o n d u c t i v i t y change f o r t h i s purpose. 
The amount o f r e d u c t i o n i n the p o t e n t i a l e f f e c t p r o -
duced by u s i n g cardboard sheets i s shown i n t a b l e 1 1 . 
These exper iments w i t h v a r i o u s s o f t m a t e r i a l s 
c o v e r i n g the e l ec t rodes o f the specimens suggest t h a t 
t h e p o t e n t i a l e f f e c t i s n o t due to the process o f 
homogeneous p l a s t i c f l o w w i t h i n the c r y s t a l . This must 
be so,, s ince experiments were performed w i t h o u t obser^ 
2 
v i n g a p o t e n t i a l e f f e c t u s i n g s t resses o f 40 Kg/cm a t 
which s t r e s s p l a s t i c f l o w must be t a k i n g p l a c e . The 
s igns o f p l a s t i c f l o w ( f s l i p bands on the su r f ace , some 
re c r y s t a l l i s a t i o n w i t h i n the body o f the c r y s t a l on 
c leaving: , e t c . ) were always observed on removing the 
specimen f r o m t h e appara tus . At the same t ime the ex-
pe r imen t s do no t e s t a b l i i ^ t h a t the e f f e c t i s a surface 
one. I t i s more pTobable t h a t imless: s o f t m a t e r i a l s 
are used t o cover the e l e c t r o d e sur faces s m a l l i r r e g u -
l a r i t i e s on the s u r f a c e s o f the c r y s t a l r ece ive a h i g h e r 
The exper iments were per formed a t a temperature 
o 9 o f 100 C and w i t h a g r i d l e a k r e s i s t o r o f 10 ohms. 
CSardboard d i s c s were used i n b o t h cases. 
S t ress increment P o t e n t i a l 
T a y l o r Hob son HaCl Aberdeen NaC 
2 Kg/em^ 0.37 T 0.17 7 
1 " 0.17 T 0.078 V 
0.5 " 0.095T 0.052 T 
( a l l averages o f 3-4 read ings) 
Table 12 - The v a r i a t i o n o f the p o t e n t i a l e f f e c t w i t h 
a p p l i e d s t r e s s i nc remen t . 
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s t r e s s c o n c e n t r a t i o n and the reg ions o f the c r y s t a l 
b e h i n d these i r r e g u l a r i t i e s deform p l a s t i c a l l y i n 
some inhofflogeneous way. 
a,6 THE VARIATION OF THE POTENTIAL EFPECT WITH STRESS 
Exper iments were performed toj i n v e s t i g a t e the 
v a r i a t i o n o f the p o t e n t i a l e f f e c t w i t h the magnitude 
o f the s t r e s s increment a p p l i e d . C r y t a l s o f sodium 
ehlo)r ide were used w i t h g r a p h i t e e l e c t r o d e s and a lso 
d i s c s o f cardboard on the e l e c t r o d e s . The magnitude 
o f the p o t e n t i a l was reduced by t h i s bu t i t was poss ib l e 
t o o b t a i n f a i r l y u n i f o r m va lues o f the p o t e n t i a l d u r i n g 
the s t r e s s i n g o f any one specimen. The magnitude o f 
the p o t e n t i a l was no ted f o r v a r i o u s d i f f e r e n t s t r e s s 
inc rement s and some o f t he r e s u l t s are shown i n t a b l e 
12 . The p o t e n t i a l seemed t o be d i r e c t l y p j j o p o r t i o n a l 
t o the v a l u e o f the s t r e s s increment p rov ided t h a t the 
s t r e s s was a p p l i e d f a i r l y r a p i d l y , i . e . i n a shor t 
t ime compared t o the decay t ime o f the p o t e n t i a l 
developed. T h i s was a d i f f i c u l t c o n d i t i o n t o achieve 
i n p r a c t i c e s ince the decay t imes were shor t (0 .3 sec) , 
so t h a t the va lue o f the p o t e n t i a l was found to va ry 
a l s o w i t h the r a t e o f a p p l i c a t i o n o f s t r e s s - a g r e a t e r 
r a t e o f a p p l i c a t i o n o f s t r e s s g i v i n g a h i g h e r va lue o f 
the p o t e n t i a l . 
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9 . DISCUSSION AKD CONCLUSIONS 
9 . 1 THE INCEEASE IN COlimUCTmTY UPON MECHANICAL 
DEFOHMATION 
I t seems t h a t the r e s u l t s g i v e n i n chapter 7 
c o n f i i m i n many ways the work o f ffyulai and Boros. 
m p a r t i c u l a r they show t h a t the decay t ime constant 
o f t h e inc reased c o n d u c t i v i t y i s i n the range 0.3 -
1»1 sec. Such smal l decay t ime constants would, as 
T y l e r (1952) p o i n t s o u t , be more cons i s t en t w i t h the 
t r a p p i n g o f e l e c t r o n s re leased by the movement o f 
d i s l o c a t i o n s d u r i n g the process o f p l a s t i c f l o w than 
w i t h t h e t r a p p i n g o f vacanc ies , S e i t z (1950) p o i n t s 
out t h a t t h i s l a t t e r process I s supported by the much 
l o n g e r t i m e cons tants f o u n d by S y u l a i and H a r t l y (1928) . 
I t does appear on the ba s i s o f bo th the work o f ffsnilai 
and Boros and the work here t h a t the re i s no longe r 
c o n c l u s i v e evidence f o r the vacancy gene ra t ion theory 
proposed by S e i t z . The l o n g t ime constants recorded 
by G y u l a i and H a r t l y were v e r y probably a f e a t u r e o f 
the h i g h s t resses t h a t they used . A t these s tresses 
p l a s t i c flow.^ con t inues over an apprec iab le p e r i o d o f 
t ime a f t e r the a p p l i c a t i o n o f ertress and the decay o f 
c o n d u e t i - « l t y increase they ob ta ined was assoc ia ted w i t h 
the d i m i n i s h i n g g e n e r a t i o n o f c u r r e n t c a r r i e r s as the 
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p rocess o f f l o w took p l a c e , 
rt i s p o s s i b l e t o g i v e some exap lana t ion o f the 
v a r i a t i o n o f the inc rease o f c o n d u c t i v i t y w i t h tem-
p e r a t u r e shown i n f i g . 35 u s i n g the t heo ry o f the gen-
e r a t i o n o f vacancies d u r i n g p l a s t i c f l o w proposed by 
S e i t z ( 1 9 5 0 ) . Etz ie l a n d Maurer (1950) have shown 
t h a t i f the i o n i c c o n d u c t i v i t y ( & ) o f sodium c h l o r i d e 
i s represen ted by the equa t ion 
d = nejs 
where n i s the c o n c e n t r a t i o n o f p o s i t i v e i o n vacancies , 
e i s the e l e c t r o n i c charge and p i s the m o b i l i t y o f 
the p o M t i v e i o n vacancies , t h a i f o r a "pure" c r y s t a l 
ni i s cons tant a t tempera tures below 550°C'. The mob-
i l i t y v a r i e s w i t h the abso lu te temperature T between 
250 and 400°C a c c o r d i n g to the equat ion 
^ = (19 6 0 0 / T ) . e x p ( - 9 8 6 0 / T ) . 
The m o b i l i t y a t 403°(r i s 1.4 x l O " ^ a n d a t 256°cr i s 
—•7 2' 3 ,0 X. 10 cm / v o l t ^ s e c . 
H i t he expeiimfflats p e E f o r m e d on t h e c o n d u c t i v i t y 
inc rease t ke v a l u e o f the f i e l d s t r e n g t h was about 
200 V /cm, W i t h t h i s f i e l d we should e:^ect t h e r e -
f o r e the average v e l o c i t y o f the p o s i t i v e i o n vacancies 
t o be 2.8 X l O " ^ a n d 6 x 10~^ cm/sec a t 403 a n d 256°C 
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r e s p e c t i v e l y . From I - r a y measurements Darwin (1914) 
has proposed t h a t t h e r e i s a mosaic s t r u c t u r e i n 
c r y s t a l s where the s i ze o f the mosaic b locks i s about 
10~ cm. Cunnell . (1951) has concluded f rom measure-
ments on the c o n d u c t i v i t y o f a l k a l i h a l i d e c r y s t a l s 
w i t h added i m p u r i t i e s t h a t the re i s evidence f o r the 
e x i s t e n c e o f mosaic b l o c k s o f s i ze about 2000 X w i t h i n 
t h e c r y s t a l . I f we assume t h a t a moving, p o s i t i v e 
I o n vacancy i s t rapped on reaching a mosaic boiindary 
t h e n we should expect - this t r app ing , procesa t o occur 
w i t h i n 1/200 sec a f t e r gene ra t i on a t 403°C and 1/6 sec 
a t 236Pc, The vacanc ies l l b e a a t e d a t 403°C would 
t h e r e f o r e o n l y c o n t r i b u t e t o t he increased c o n d u c t i v i t y 
f o r 1/200 sec. T h i s t ime i s o f the o rde r o f the 
response t i m e o f the e l e c t r i c a l , measuring apparatus 
and a l so sma l l compared to the t ime o f a p p l i c a t i o n o f 
the s t r e s s incitement ( abou t 1/10 sec ) , so t h a t one 
would n o t expect t o r e c o r d any c o n d u c t i v i t y change, 
on the o t h e r hand a t 256°C the average t r a p p i n g t ime 
i s 1/5 sec and i t should be p o s s i b l e t o p a r t i a l l y 
r e c o r d t h e c o n d u c t i v i t y change. m f i g . 35 the i n -
creased c o n d u c t i v i t y f o r a f i x e d v a l u e o f the s t r ess 
increment i s p l o t t e d aga in s t temperature f o r the same 
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c r y s t a l . I f we assume t h a t a d e f i n i t e nximber o f 
p o s i t i v e i o n vacancies are generated by t h i s f i x e d 
amount o f p l a s t i c , de fo rma t ion independent ly o f 
temperature we should expect t h e r e f o r e t h i s graph 
t o be a h o r i z o n t a l s t r a i g h t l i n e were i t no t f o r the 
v a r i a t i o n o f the t r a p p i n g t ime o f the vacancies w i t h 
t empera tu re . The v a l u e s o f the c o n d u c t i v i t y i n -
crease a t tempera tures o f 250 and A-OO^Q f r o m t h i s 
graph are however i n the same r a t i o as the c a l c u l a t e d 
t r a p p i n g t imes a t these temperatuxes, thus showing 
t h a t the t heo ry o f t r a p p i n g o f p o s i t i v e i o n vacancies 
i s w e l L supported by the exper imenta l evidence. 
The ex tens ion o f the theory t o l o w e r temperatures 
l eads t o c e r t a i n d i f f i c u l t i e s . I f the m o b i l i t y o f 
p o s i t i v e i o n vacancies i s c a l c u l a t e d a t 100^0 by the 
e x t r a p o l a t i o n o f t h e r e s u l t s o f E t z e l and Maurer (1950) 
( t h i s may no t be a v a l i d p r o c e s s ) , then an average 
t r a p p i n g t ime o f 35 sec would be expected. This i s 
c l e a r l y n o t so e x p e r i m e n t a l l y f o r the decay time con-
s t a n t s o f t h e c o n d u c t i v i t y increase a t t h i s tempera-
t u r e were i n the range 0.3 - 1.1 sec. Purthermore ex-
t e n s i o n down t o a temperature o f 40°C would l e ad to a 
t r a p p i n g t ime o f the o rde r o f twenty minu tes . Se i t z 
(1950) has a l so p r e d i c t e d t h i s va lue f r o m a cons idera-
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tion of the? Jump frequency of the positive ion vacancy 
and has used i t to explain the time constants of decay 
found by ffyulai and Hartly in- their experiments. 
I t i s poissible- that there are two mechanisms re-
sponsible for the conductivity change with, plastic 
deformation - the generation of vacancies by moving 
dislocations as proposed by Sfeitz and the freeing of 
electrons by the motion of dislocations as proposed 
by Tyler. I f -the conductivity increase was pre-
dominantly due to the generation of vacancies at high 
temperatures, with the contribution due to the freeing 
of electrons being important at low temperatures re-
sults more in accord with the experimental facts 
would be expected. At high temperatures the decay 
timje constants due to the trapping of positive ion 
vacancies would agree with those found experimentally, 
as has been seen. At low temperatures the time of 
removal of an electron fromi the conduction band should 
be shorter than for the trapping of a vacancy and hence 
^ould agree better with the values of the decay time 
constants found experimentally. I t might be possible 
to obtain more infomation about the nature of the 
decay process of the increased conductivity by a study 
of the variation of the decay time constant over a 
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wide range ot temperature f o r ' various c rys t a l s . 
Hedf ie ld (1953) has measured the e lec t ronic H a l l 
effrecit i n sodium chlor ide c i y s t a l s and i f t h i s 
experiment could, be performed on a c rys t a l that 
was undergoing mechanical deformation at. the same 
time i t would he possible to determine whether the 
extra current c a r r i e r s introduced by deformation 
were e lectrons or p o s i t i v e ion -rcicancies. 
A most s t r i k i n g fea ture of the eonduct ivi ty i n -
crease w i t h p l a s t i c deformation tha t has been fotind 
i n the present ser ies of experiments i s t h a t the 
e f fec t ; i s not present i n a l l . c r y s t a l s . AIL samples 
of; sodium ehlo;ride w i t h the exception of the Harshaw 
ciystEil d id not show the e f f e c t . I t seems that a 
study o f the e tehpi t s on the surfaces of the various 
c r y s t a l s may help to explain t h i s p o i n t . 
I t has heea t a c i t l y asEwmed up to now that the 
number o f current c a r r i e r s (whether they be vacan-
cies o r electrons) produced by a given amount of 
p l a s t i c deformation i n any c r y s t a l would be a con-
s tant . I t is-, more probable however that the gener^ 
a t i o n o f current c a r r i e r s depends on the nximber of 
d i s loca t ions already present i n the c r y s t a l . This 
would be so, no matter whether the current ca r r i e r s 
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were generated by the c o l l i s i o n s of d is locat ions or 
by c o l l i s i o n s o f d i s loca t ions w i t h obstacles w i t h i n 
•aie c r y s t a l . I t w i l l be seen from table 2 that the 
number o f d i s loca t ions already present i n the Harshaw 
c r y s t a l i n the unstrained state i s l a rge r than i n any 
of the other samples of sodium ch lor ide . I t would 
bie expected the re fo re t h a t the other samples of sodium 
ch lor ide would have to be taken to a higher -^ ralue of 
t o t a l s t ress than f o r the Harshaw c r y s t a l before the 
conductivilgr increase appeared. Since the effect , i n 
the Earshaw c r y s t a l only appeared at stresses above 
40 Kg/cm t h i s would involve the use o f quite high 
stresses and although the other specimens of sodium 
ch lor ide were loaded to des t ruct ion no e f f e c t was 
found'. However i t was no t iced that the Harshaw 
c r y s t a l was harder than the other c rys ta l s (Pra t t 
1955 has noted tha t hai^ening due to the i n t e r ac t i on 
of e lus ters of vacancies with, d is locat ions has been 
observed i n a l k a l i hal ide c rys ta l s ) and therefore these 
other c rys t a l s crumbled i n t o fragments at stresses 
lower than f o r the Harshaw c r y s t a l . Had t h i s not 
been so i t might have been possible to apply s u f f i c -
i e n t l y h igh stresses to the other soditjm chloride 
c r y s t a l s to produce the conduct iv i ty increase. 
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Since a l l . the c rys t a l s o f potassium chloride 
showed the conduct iv i ty increase quite markedly, 
e t chp i t photographs on these c rys ta l s were attempted 
but. no e tehpi ts could be resol:wed at the magn i f i -
ca t ion used. There may be two explanations of 
t h i s - e i t h e r the etching technique was not correct 
f o r t h i s ma te r i a l , or tha t the number of e tchpi ts 
was large enough not to be resolved at the magn i f i -
ca t ion used. I f the- second explanation were t rue . 
I t would be f u r t h e r support f o r the explanation given 
f o r the non-a?ppearanc€ of the conduct iv i ty e f f e c t i n 
c e r t a i n o f the sodium: chlor ide c rys t a l s . 
9,2 THE POTENTIAL EFEECT: TTPOF MECHANICAL DEPOBMATION 
r t seems a t f i r s t s ight su ip r i s lng that previous 
workers have no t discovered the appearance of a 
p o t e n t i a l on the app l i ca t ion o f stress' to an a l k a l i 
ha l ide c r y s t a l . The explanation i n the case of 
Gyulai and H a r t l y ' s experiments probably l i e s i n the 
f a c t they used such large stresses that the p o t e n t i a l 
e f f e c t was n e g l i g i b l e compared to the magnitude of 
the conduc t iv i ty Increase. Their measuring 
apparatus was also crude and they d id not attempt 
to d i s t i n g u i s h between conduct iv i ty changes and any 
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p o t e n t i a l , e f f e c t s there might have been. I n the 
case o f Gyulai and BOros i t seens that a possible ex-
p lana t ion o f t h e i r non-discovery o f a p o t e n t i a l e f f e c t , 
despite using low stresses and a more r e f ined elec-
t r i c a l apparatus, i s tha t they used crys ta l s of po-
tassium chlo^ride and bromide vdiere the conduct iv i ty 
increase i s r e l a t i v e l y large and the magnitude of the 
p o t e n t i a l e f f ec t . smalL compared to specimens of sodium 
ch lo r ide . ^ l i t t n e r mentions a smalL t ransieat 
e f f e c t on: the app l i ca t ion of stresses below t|ie y i e l d 
s tress to c r y s t a l s of sodiim ch lor ide , which vanished 
on the removal o f s tress . rt i s poss ible that t h i s 
was i n f a c t a p o t e n t i a l e f f e c t although Quittner d id 
n o t d i s t i ngu i sh i t f rom a conduct iv i ty change. 
Recently no t ice ha© come to hand o f some, experi-
ments by Mschbach and Fowick (.1955) i n which they re -
por t the crea t ion o f a p o t e n t i a l d i f fe rence across 
sodium chlor ide c rys ta l s deformed i n compression. I t 
should be noted t h a t in format ion about t h e i r work was 
only received a f t e r the present programme o f experi-
ments had been ooiiQ)leted. They report tha t on i n -
homogeneous de fomat ion of a c r y s t a l a t rans ient 
p o t e n t i a l d i f f e r ence i s developed such tha t the side 
o f the c r y s t a l which has the ihigher s tress concentre-
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t i o n becomes negat ive. The p o t e n t i a l decays to zero 
over a pe r iod of minutes i n roughly hyperbol ic fashion 
i f : the l oad i s l e f t on, although the removal of the 
load a t any time causes the current f l o w to dropt to 
zero almost instantaneously. Reapplication o f the 
same load produces a new t rans ien t ozrirent i n the same 
d i r e c t i o n as the o r i g i n a l , f l o w , but smaller i n mag-
n i t u d e . The d i r e c t i o n o f the i n i t i a l current f low 
i s unaf fec ted by e x t e m a l l y applied f i e l d s as large 
as i 1000 V/<an. 
The e f f e c t discovered independently by Eischbach 
and ITowick seems to be e s sen t i a l ly the same as that 
described here. Some o f the de t a i l s are rather 
d i f f e r e n t - the time constant of decay being s u r p r i -
s ing ly large - although there i s no informat ion on 
the sodium chlor ide c rys ta l s used or the magnitudes 
o f the stresses app l i ed . 
A reasonable conclusion f rom the experiments 
c a r r i e d out here i s that the p o t e n t i a l e f f e c t i s 
associated w i t h p l a s t i c f l o w i n small, regions of 
the c r y s t a l , e i t h e r close to surface i r r e g u l a r i t i e s 
o r n e a r to the edges of the c r y s t a l . B i these 
regions the s t ress w i l l , be much greater than i n the 
body of the c r y s t a l and i s also l i k e l y to be inhomo-
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geneoue i n nature . Since p las t ic ; f l o w takes place 
i t i s probable tha t p o s i t i v e i o n vacancies w i l l be 
generated by the movement o f d is loca t ions during 
the pe r iod o f s l i p . Nabarro (1948) has shown that 
i n a body under u n l f o i m stress there i s no force 
d i r e c t i n g the motion of i n d i v i d u a l vacancies or 
i n t e r s t i t i a l ions (although the concentration gra-
dient may be f-ormally represented as producing a 
f o r c e ) . ID. a stress gradient the energies of 
neighbouring possible s i tes f o r a l a t t i c e defect are 
d i f f e r e n t , and each defect has a d r i f t v e l o c i t y 
superposed on i t s random d i f f u s i o n . I t i s shown 
t h a t the expression f o r the f l u x ; of l a t t i c e defects 
w i t h non-unlfoim stress includes an extra term which 
va r i e s as P where P i s the appl ied s tress . Accord-
i n g l y therefore i n regions where Inhomogeneous 
stress; i s applied to the c r y s t a l there w i l l be a 
charge separation due to the movemfflit o f vacancies 
under th is- s t ress f i e l d . The magnitudes of the 
l o c a l stresses w i l l be high and as the e f f e c t de-
pends on the square of the stress the vacanicles w i l l 
be: given a high d r i f t v e l o c i t y . The force on the 
vacancies due to the l o c a l Inhomogeneous stress f i e l d s 
must be high so tha t the force on the vacancies due 
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to external applied e l e c t r i c f i e l d s up, to 1000 T/cm 
can be neglected. This would explain why the po ten t i a l 
e f f e c t i s iHiaffected by e x t e m a l l y applied e l e c t r i c 
f i e l d s of. t h i s magnitude. 
A d i f f i c u l t y tha t ar ises when considering t h i s 
theory of the p o t e n t i a l e f f e c t i s t h a t the time con-
stant o f decay appears to be smaller f o r the p o t e n t i a l 
e f f e c t than f o r -the conduct iv i ty change on the crys ta ls 
examined here. However since many of. the c rys ta l s 
d id not show a conduc t iv i ty change t h i s may not be a 
v a l i d ob j ec t i on . I t would be expected that the decay 
piocess would be the same as f o r the conduct iv i ty 
change - the n a t u r a l d i f f u s i o n and t rapping of the 
pO)s i t ive ion vacancies - and therefore the time con-
stants ought to be s i m i l a r . Fisehbach and Nowick have 
apparently found large times of decay (of the o>rder of 
minutes) so the d i f f i c u l t y over the value of the decay 
times may not be serious. 
I t also f o l l o w s from t h i s theory that the v a r i a t i o n 
of the p o t e n t i a l e f f e c t w i t h temperature should be 
s i m i l a r to t ha t found f o r the conduct iv i ty change 
(assuming that the explanation f o r the l a t t e r i s i n 
terms o f p o s i t i v e ion genera t ion) . There seems to be 
good agreement between the p o t e n t i a l and conduct iv i ty 
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change va r i a t i ons w i t h temperature as can be seen on 
comparison o f the f i g . 35 and 4 1 . The steeper drop 
of t he po ten t i a l , e f f e c t to zero w i t h increasing tem-
perature i s probably accounted f 0 3 ^ by the r e l a t i v e l y 
greater s e n s i t i v i t y of the conductl-\riLty change 
measurements so that the small increases at higher 
temperatures could be recorded. 
The v a r i a t i o n o f the p o t e n t i a l e f f e c t w i th the 
input resistance of the measuring c i r c u i t does i n d i -
cate tha t the physica l process I n the e f f e c t i s one 
o f the separation of a d e f i n i t e quant i ty of charge 
f o r a given amount o f p l a s t i c deformation. However 
the v a r i a t i o n o f the e f f e c t w i t h input resistance 
does not give any in fonna t lon on the nature of the 
charge separation. 
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